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ESD-TDR-63-645

[SPECIAL PERTURBATIONS WEIGHTED DIFFERENTIAL CORRECTION
PROGRAM DOCUMENT

ABSTRACT

This report describes a computer program which differentially
corrects and/or predicts the orbit of a geocentric satellite. The dynamics
of the program are based on a variation of parameters formulation with the

perturbative acceleration being numerically integrated. A weighted correc-
tion process is incorporated which considers the relative accuracy of the
observational data in a least-squares fit. Included in the document are

the program description, complete formulation, program operating instructions,
flow diagrams, and test cases.
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SECTION 1

IINTRODUCTION

Aeronutronic has developed an operational weighted differential
correction program, using the special perturbations variation of parameters

QV approach. Operating under the 496L B-2 Semi-automatic Progr3mming System,
the program will accept sensor observations, assign weights to the data,
perform a differential correction and predict future position and velocity.

The purpose of the Special Perturbations Weighted Differential
Correction (SPWDC) Program is to provide highly precise predictions of
satellite position. The operational capability to utilize weights when
performing a differential correction in addition to the highly accurate
Special Perturbations formulation will provide far more acrurate position
prediction than the Simplified General Perturbations approach. The latter
concept was designed to provide sufficient accuracy to maintain surveillance
on all earth satellites with minimum computer time requirements. This sur-7 veillance mission requires only such accuracy as !o ensure acquisition and
recognition of every satellite by sensors capable of observing it.

The SPWDC Program, therefore, supplies a means for correcting
1orbital parameters and predicting in an extremely accurate fashion for

missions iequiring precise position determination. Operationally, it

functions in the B-2 System running in the Schedule Tape Mode.

I
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Section 2 of this document is a description of the SPWDC Program.
The formulation by which the program generates the numerically integrated
position is given in Section 3 of the report. Operating instructions are
detailed in Section 4, with parameter card formats shown in Appendix I. The
main flow of the program is diagramed in Section 5, and detailed flow data
in Appendix 1j. Comptled test cases are outlined in Section 6. A glossary
of terms will be found in Appendix III.

L

I

I-
I



U

SECTION 2

PROGRAM DESCRIPTION

The SPWDC Program contains three main functions. These
functions, shown schematically in Figure 1, are: OBSERVATION WEIGHTING,
DIFFERENTIAL CORRECTION, and PREDICTION. Each of these functions is
lescribed here, in terms of its general features, required parameters,
and function controls both internal and output. Required parameters
are those numerical quantities describing the physical conditions to be
simulated in the program. Internal controls are those quantities which
specify the program logic to be executed, and output controls are those
quantities prescribing the choice of available output.

2.1 OBSERVATION WEIGHTING

The Observation Weighting function of the program is to
reformat input observations, assigning to each observed quantity its
standard deviation. These accuracy estimates are provided to the
routine in three waysi

(I) By assigning a constant accuracy estimate for all

observations from a given sensor;

(2) By assigning an accuracy estimate to each observa-
tion being used; or

(3) By indicating a programmed weight function which is

used to compute the observation parameters.

The assignment of weight factors to the observations may be made by any
combination of the above methods, with the restriction thdt any given
sensor will use only one of three choices.

-3-
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After the complete set of observations has been examined and

W each weight assignment has been made, the observations are ordered chrono-
logically. This feature is necessary in the Observation Weighting function
in order to ensure an efficient correction process. Since the correction
program must represent the observations at each actual observation time by
numerically integrating to that time, it is highly desirable that the
observations be ordered in time so the integration takes place entirely in
one direction.

a. Observation Weighting Parameters

Observations are supplied by:

(I) Standard SPS Observation Card, or

(2) SRADU tape.

r, Weighting information is supplied by the Weighting Tape (see
Section 4).

b. Observation Weighting Controls

Internal controls are as follows:

(1) Weighting information may be picked up either from the

Weighting Tape, or a set of accuracy estimates may be
compiled LLo the Observation Weighting Program in the
weight by sensor mode. Normally, the former selection
will be made; however, it may be to the user's advantage
to program the sensor weight values for automatic inter-
nal assignment.

(2) Weighting data may or may not be assigned to the
observations. It should be noted that if weights are
to be assigned, they must be assigned to all observa-
tions. It is not possible to mix weighted and unweighted
data.

(3) A selection of weighting mode is required to indicate
the choice of weighting by sensor, by observation, or
by function.

-5-
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No output controls are available to the Observation Weighting

i °  function.

2.2 DIFFERENTIAL CORRECTION

The Differential Correction funccion accepts the reformatted
observations from the Observation Weighting function and performs a
weighted or unweighted differential correction on the orbit element set.

Ephemeris computation is carried out in a special perturbations variation
of parameters formulation. This formulation numerically integrates the
perturbative accelerations influencing the parameters of P.. instantaneous

two-body reference orbit.

The numerical integration is performed by a fourth-order Runge-
Kutta integration routine. A fixed step size may be specified for this
numerical integration, or it may be used in a variable mode. In the
variable mode, the initial step size is specified and subsequently
increased or decreased internally, based on error control parameters.

Perturbations handled by the program include: zonal harmonic

bulge, atmospheric drag, and solar radiation pressure. These effects may
be controlled to incorporate any combination in a particular case.

0

A correction can be obtained for any of the six orbit elements,
and may also incide the satellite mass. This latter parameter actually
represents a correction on the ballistic parameter CDA , where CD is the

m
drag coefficient, A is the satellite cross-sectional area, and m is the
satellite mass.

First-order partials relating variations in observed quantities
to variations in orbit parameters are the basis of the correction equa-
tions. The correction for mass, or ballistic parameter, uses an equation

derived on the assumption of near circular eccentricity. Therefore, for
the general case, a variant orbit approach is used, whereby the satellite
mass is varied and a complete integration is performed. This ephemeris
is then used to form numerical partials between the observed quantities

and the variation in mass.

Special correction passes may be taken. For instance, it may

be desirable to correct the mean motion initially before attempting a

complete correction. This will reduce the timing residual and provide

a better fit on subsequent correction passes. Also, an incernal check
has been built in which examines the change in the perigee distance

between successive corrections. If the perigee distance varies too

-6-



greatly, the correction is automatically repeated without correcting

the orbital eccentricity. This prevents a possible divergent correction

which may occur du- to non-linear drag effects.

The correction process will repeat up to a maximum number of
iterations, or until the root-mean-square (RMS) of the accepted residuals

has converged within 5% comparing successive values. Accepted residuals
are those that are not rejected on the basis of an absolute maximum or

a relative check based on a limit of 1.5 times the residual RMS. In a
weighted differential correction this is the weighted RMS; however,

the convergence check is still against the unweighted value. In
addition, weighted runs always perform an unweighted c3.rection on the

first iteration in order to fit the elements as well as possible before
applying weight data. An option is also provided, enabling the post

correction epoch to be updated to a specific revolution number or time.

a. Differential Correction Parameters

Orbit elements are supplied by:

(1) The standard card format, or

(2) The SEAl file.

Vehicle data are mass, diameter, and reflectivity.

b. Differential Correction Contro-s

j Internal controls are as follows:

(1) The integration mode, variable or fixed, is

epecified.

(2) The integration step size is specified. If the

mode is variable, then this denotes the initial

step size.

(3) Selection of perturbations to be used: bulge,

drag, radiation pressure.

(4) Specification of the new epoch:

(a) Revolution number (actual number, not refer-
enced to current epoch)

(b) Time (absolute), or

-7-
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(c) Time of last observation.

(5) Specification of the elements to be corrected Any

combination may be selected; however, in some instances
the corrections are not independent and will influence

the other parameters.

(6) Special correction passes:

(a) Correct mean motion only on first pass

(b) Maximum value allowed for change in perigee
Adistance

(7) Specification of rejection criteria:

(a) Absolute maximum for displacement residuals,

(b) Absolute maximum for range-rate residuals, and

4 (c) Multiplying factor applied to the residual RMS
for relative rejection.

(8) Error co- ols for Runge-Kutta integration:

(a) Absolute controls

(b) Relative controls

=, One output control is available to the Differential Correction

function. This establishes the frequency of output of the residuals as:
never, first and last set, or every set.

12.3 PREDICTION

The Prediction function of the program may be used to obtain future

position and velocity data from an input eiement set or a corrected set from

the Differential Correction function. Two methods are provided for the speci-

fication of the prediction time. A series of prediction points may be

specified by time or by the closest point of approach to sane location on the

Iearth.

I
-8-I
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Ephemeris computation in the Prediction function is carried out
in the same manner as in the Differential Correction, i.e., uqing a
special perturbations variation of parameters formulation where the
integration is according to a fourth-order Runge-Kutta process. The mode
of integration, integration step size, and the perturbations to be con-
sidered must be supplied.

In addition to the prediction, this function has the capability
of estimating the reliability of the prediction point. The reliability
check computes the variance in both inertial and radial, transverse and
orthogonal components of position and velGcity. It is based on the
variance-covariance matrix of orbit elements derived from the Differ-
ential Correction function.

I a. Prediction Parameters

Prediction by time requires the following parameters:

I (1) Initial prediction time (absolute)

i(2) Prediction interval (minutes)

(3) Number of points to be obtained

L Prediction by station pass requires the following parameLers:

(i) A station number identification. This would
pertain to the SEA1 File designation if the
location is to be one of the SPADATS sensors.
Otherwise, any number designation will suffice.

1 (2) Latitude, longitude (west), and altitude of
the station, required if the SEA1 File is not
being used.

(3) The length of time to simulate the ephemeris
on either side of the closest point of approacl.

(4) The maximum elevation angle below which no
ephemeris data will be obtained. This takes
precedence over item (3) above.

(5) The interval of time to be used in obtaining

the ephemeris.

1 (6) The number of passes to be considered.

1 -9-
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b. Prediction Controls

Internal .ontrols a-e as follows:

(1) The integration mode, variable or fixed, is

specified.

(2) The integration step size is specified. As
in the Differential Correction, if the mode

is variable, then this denotes the initial

step size.

(3) Selection of perturbations to be used: bulge,
drag, radiation pressure.

Output controls are as follows:

(1) Print any combination of

(a) time, position, and velocity (t, x, y,

z, k , )

(b) time, osculating elements (t, a, e, i,

, L)

(c) time, ground track data (t, satellite lati-

tude, satellite east longitude, and satellite
altitude)

(d) time, look angles (t, range, range-rate,
azimuth,elevation) availaLle only for

station pass prediction

(2) Print reliability estimate consisting of the

standard deviation in the position and velocity
predictions in inertial coordinates and orbital

coordinates.

(3) Prepare a binary ephemeris tape containing t, x,

y, z, X, y, z.

(4) Punch position cards containing t, x, y, z.

-I0
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SECTION 3

TFORMULATION
I

The Special Perturbation Weighted Differential Correction (SPWDC)
* Program employs a variation of parameters formulation to generate numerically

integrated positions. This ephemeris is computed using the N M parameters,
namely, mean motion, n 0 , mean longitude, L0 ; two parameters embodying eccen-
tricity, e, and argument of perigee, W . axNo e cos W and ayNo = e sin o;

and a vector defining the angular momentum, h =PfJoW, whose components are

hx = V sin no sin i o
0

h = V cos 9o sin i o
y0 0

h = V/ - cos i o

where p is the semi-latus rectum, S0 is the right ascension of the ascending
node, and io is the orbital inclination (see Figure 2). 'fhe subscript identi-

.ies these quantities as the orbital parameters at epoch, t . These parameters
do not exhibit singularities at zero eccent:icity. A parameter adoption in
the differential correction section of the program effectively limits the
program application to orbits having inclinations greater than two degrees.

4

~~1
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The formulation accounts for perturbatifons due to drag forces and

the primary effects of t:he Earth'. asphericity * and to radiation pressure(2)
The elements Lo, no, axNo, and ho vary from point to point on the resulting
ephemeris in such a manner that they satisfy a syscem of differential equations
in the dependent variables, the elements, and the independent variable, time, t.
The solution to the system of differential equations is achieved in a numerical

T integration process, executed by means of the Runge-Kutta procedure. The pro-
gram proceeds to evaluate the elements from point to point by using either a

fixed grid size for the variable t or a variable grid size controlled by the
program.

The program will function in a differential correction mode and/or
an ephemeris mode. In the differential correction mode, a given set of elements
is improved and updated by means of a least-squares fit co a set of observations.
These observations may be a weighted set or an unweighted set with the correc-

-o tion functioning accordingly. In the prediction mode, future position and
velocity data are provided by integrating to the specified point, using the
corrected set of elements or an element set introduced for the purpose of pre-
diction only.

3.1 OBSERVATION WEIGHTING

One of the basic considerations to be included in the development of
accurate Special Perturbations programs is that of assignment of ,cwighting
factors to all observations for subsequent use in the differential correction
process. Because of the restrictive core allocation imposed by the operational
system, the weight assignment is performed independent of the remainder of the
processing.

The two main design features of the resulting proprocessing program
are (1) to reformat the observational data, adding weights for all the quantities,
and (2) to order the observations in time, for either a forward or backward
integration.

These design criteria were incorporated into the observation weighting
function (OBSWGT) of SPWDC. The functional flow between OBSWGT and SPWDC is

shown in Figure 3. The general specifications of the program are:

~4

*Superscripts indicate References at end of document.

1 -13-
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j (1) OBSWGT wi11 operate before the Special Perturbation
Program. OBSWGT will apply weights to all the obser-
vations, leave the observations in core, and call
(and exit to) SPWDC from the master program tape.

(2) OBSWGT will operate as a schedule tape job. Standard
input will consist of combinations of parameter, element,
sensor and observations cards.

(3) Additional input data will be contained on an auxiliary

tape. Data on this tape will contain weight factors for
each sensor and/or observation or will contain controls
for determining the method to be used for computing the
weights. Operationally, this will be :nown as the
Weighting Tape.

(a) A single set of weights (at most, four
quantities) can be specified for a sensor. These

weights then apply to all observations reported

-. by the sensor.

(b) A single set of weights can be specified for each
observation.

(c) A routine can be specified by sensor to compute

-. weight factors for each observation reported by the
sensor.

(4) A subroutine will be made available to the Special Pertur-

bation program to retrieve the observation quantities, weight
factors, and to retrieve the requited sensor data.

(5) The routines for computing weight factors (mentioned in (3)

(c) above) will have a standard calling format and be con-

tained as a subroutine in the OBSWGT progr3m. These routines
can only be added, deleted, or changed by recompilations.
However, the parameters used by the routines can be changed
(specified as input quantities) prior to each run.

I (6) All weighting procedures will be general so that the specific
function to be applied is determined on the Weighting Tape by

pairing a sensor with a function as an input quantity. In

this way routines can apply to more than one sensor, reducing

duplication of routines.

(7) A special bypass mode will be available to process observations
without applying weight factors.

1 -15-
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J3.2 VARIATION OF PARAMETERS EPHEMERIS COMPUTATION

The following paragraphs detail the formulation of the represen-
tation, accelerations, and integration of the orbit. The representation
calculates position and velocity at a given time from the orbital parameters.
The accelerations are computed from the force field formulation. The inte-
gration is performed upon the derivatives of the orbital parameters.

3. a. Representation

- (1) Initialization

Prior to any calculations, the epoch elements must be deter-
mined from the input. Since the input is either in the form of 7 element
cards or from the SEA1 tape, the system subroutine NXTEI is used.

Given the epoch parameter set, the following computations are
performed:

P -o -o

h
-0

* 0

-. cos i =W
o z

0

sin i 0-F - W 2

0

Fsin i1
i ° = arc tan Cosi

" W
x

-- sin 2
o sin i

0
o Sini

m0

sin
Q0 = am tan O 0 0

-16.-
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2 2 2

POe 2
00a° I - 2

00JU=L - 2 ifW > 0

SL if W < 0
0 0 

-0

Jk

no 3/2a
0

ax0= a xN 0cs 0- aYNo0sn cos 0a.a x  a cos2 ° aN sin Co 0-o

0 0

a = a sin a + a cos 2 cosi
Y axN0 yN0  0 0

a a sin i°
z 0 yN0 sin

qo = aC (1 - e0 )

If the input mass parameter = 0, mass is set equal to i. The quantity 1/mass
is formed.

(2) Position and Velocity

IAt each time point, whether at an integration step, observation

time or prediction point, a similar initialization takes place. Then, the
program goes on to compute the geocentric position (r and velocity ( ) of
the satellite. 

()

I Given a, h, L, compute r,

p h" h

21 e a a

-17-I
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a pI 1- 2I -e

n = 3/2
a

h

W = cos i

z z 2
S=! - W = sin i. z

N = -Y
x M

y xz

N =xy M

M N W
x y z

I 0Nz
a xN' a •N

a yNaM

=arc tan = arc tan -

x y

U= L- 91 if Wz >0

L + 92 if Wz<00 7
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Kepler's equation is solved by iteration using the Newton-Raphson

jmethod with an initial guess for (E+w ) of U (i.e., (E+CU)j = UlI

I ~ ~~[U + esin E. - (E+ Di

(E+w) i+ I = (E+o) - cos Ei - 1 radians

where

e cos Ei = aN cos (E+(0)i + ayN sin (E+w)i

e sin Ei = axN sin (E+D)i - ayN cos (E+)i

The iteration is concluded when

I I(E+) )i+l - (Ea))iJ < 108

If, after 50 iterations, the criterion is not met, the run is
terminated. A comment to this effect is written on the output tape.

IAfter Kepler's equation is solved, the calculations continue:
r = a (I - e cos E)

I =-a(e sin E)
r

r

a [cos (E+D) a + e sin E
cos u = [ - ayN e

sin = a [sin (E +w) -a -a e sin E
r yN xN (1 + 7

U = N cos u + M sin I

V = - N sin u + M co, u

Sr =r U

-19-
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t b. Drag

To compute the drag perturbation, it is first necessary to calculate
H, the altitude above an oblate spheroid:

32 4 32 2

H = (r - I) - f (U)4 + (f + . f2) Uz

For this altitude the 1962 U.S. Standard Atmosphere Table is searched
for the density (pr) and molecular weight (Me).

4. Values above 760 km are obtained by linear extrapoilation.
The acceleration is obtained by the following computation(l)

V = k + ye where e = 0.058 834 47 radians/k min
x e

P C
Y

/ 2 2 2
v/=, V +V +V

X y Z

Pr CD (Vco) 3 V 3  /

T. [ + (300) ]" T =L 4 ec
s

C 6.972 x 109 vd

o
0

if Cp > 1418, CD
0

otherwise, -Co
CD CD  (I + 1.1739130 e )

K 7r
D CD PrV 8m )

1
-20-
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=D V

D c x

D c y

c. Asphericity (Bulge)

The acceleration (rB) due to the zonal harmonics of t-,e Earth's

gravitational potential are calculated by

7 a
rJ (e_ nJ (XB r 1 n= Jn r n+l z

-- r n=2

a
y - -n Z -e n l (U)]

r n=2

7
aen

B 2 3 [ n pn+l (Uz)

7 a

2 Z Jn () p (Uz)
r n=2

11where P (U 1, Pn ) Uz

n i [ (2n 1) UP (U) - (n-l) Pn-2 (Uah n Uz n z Pn-I zn2

P' (U nU P (U)- P  (U)]
n Z U 2_1i n z ni z

z (5)f

The coupling factors used are

12 = 1082.50 J5 = - 0.083

-3 = " 2.553 x 10 6 = + 0.416 x 10-6

J4 = - 1.807 J7 = " 0.415

V-21-
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d. Radiation Pressure

The acceleration due to direct solar radiation pressure-,ERp,

is formulated as detailed in Reference 2. Initially, the mean longitude

of the sun at the beginning of the current year L is found by the system
subroutine TLC(3):

'L=L + n (t -to)

M = L + n (t - t o) -

0 00 0 0 0 4o 0+n tsin2 5 M +-e sin 2Mo o +  o t-to)+2e o o 40 0

L cost

00~Ly =cos E sin

L = sin e sin ,
Z 0e

0

L r

F

• = () LR ye

F
\ = (- 0 L 0

If cos ' > 0, the satellite is illuminated.

I£ cos 7 <0, form sin (7/+r) = sin ?p cos TJ+ sin 71 cos

- (o 211=(cos - I)(- - 1) + (-) cos '
r

- 2
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If sin (1P +7)) > 0, the satellite is illuminated.

If the satellite is illuminated, calculate

F
x% 0XRr =() LxO

yP = (-t) Lye

Ti F 0
P M Lzo

I e. Derivatives and Integration

The total perturbative acceleration can now be used to determine the
perturbative derivatives of the parameters.

+t +r' +t
- -B -D -R

rr=r r

r'i r
D

rD = r.%

rt'
-

rb\ W*r

I

z(rb)

1 (l+Wz)Nf-

I
-23-I
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Dr_ Dj "- E

a- 
=

Wxa

- ,r

• . eQ=Wxa

2
-e v = eQ a

_--ID_ ,,.-v.'= P' r~ e1 $7v~ -

r xh=_

The derivatives, as used in the Runge-Kutta routine(3 )  are:

dL k  L+ n

dt e

da

-= k e

dh

-= k h
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3.3 WFIGHTED DIFFERENTIAL CORRECTION

It is necessary to simulate observations in two phases of the SPWDC.
The most obvious phase is that of prediction. Also, in the differential

correction, the estimate of the observed quantities on the basis of the
current pararreter estimates must be obtained. This estimate is often referred
to as the "computed" quantity as distinguished from the "observed" quantity.
The difference between these quantities is the "residual," e.g., for the ith

range observation

APi = pi (observed) - p, (computed)

I Each residual is related to corrections in the parameters by an

"equation of condition," e.g.,
qP7

j=l J pj

1 where p. are the parameters no , axN etc.

These equations of condition are weighted, according to the numbers

obtained as outlined in Section 3.1, and processed as described in the present

section by relating the "computed" quantities to the geocentric ephemeris
obtained as described in Section 3.2. This relationship involves the location

of the center of the Earth with respect to the observlng station, R:

a p=r+R

The partial derivatives with respect to the seven parameters are

computed according to analytical formulas, given in the following subsections.

When the eccentricity exceeds a given maximum, however, the coefficients of

he ballistic parameter are computed by a variant ephemeris. During this

calculation the quantities Pv' L and p are stored in a bloc designated

VDATA. The v subscript is used hereafter Yo identify these results of the21 va,.iant calculation. The variant ephemeris differs from the nominal ephemeris

by using a baliistic parameter differing from the nominal value. This varia-

I tion in the ballistic parameter 6 (-D-) is represented in the following

I
-25-I
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I formulation by its factor 6(1). Therefore, the factor C DA appears in the

coefficients. The correction actually should be thought of as applying to not

only the whole ballistic parameter but including a correction to the mean

density as well. The correlations between any separate determination of these

factors would be very high indeed when only satellite position and velocity

observations are used.

a. Preliminary Calculations

TThis part of the program calculates "observations" cf the orbit spec-

ified by the input set of elements (or subsequently corrected elements) made

from the sensor station. Given the station coordinates of latitude, 6, east

longitude, XE) and height above sea level, H, and Greenwich sidereal time,

31 9 to, at satellite epoch, to, the following procedure computes the observations

Pc p and the direction cosines of the unit vector, L, from the station to the
c

satellite for time, t, in minutes since epoch.

Compute local sidereal time, Oat time, t:

9 = X+ 9 + (0.0043752691)t (Aod 27r)

E to

Compute the station vector, R:

x = [Cos ] cos O

Y = [ sin 9

I'

SCompute the slant range, P c:

-- c r + R

I P x + Py + Pz

I
-26-
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P x x + X

I

Py Y +Y

P z+Z

where x, y, z are components of r obtained from Section 3.2 by means of
input elements and the time, t.

Compute unit vector from the station to the satellite in the equatorial

coordinate system:

L Px
xc PC

L = Yr. yc P

YC Pz

L P -
zc PC

Compute range rate, hc'

X = -Y 9, 9 = 0.058,834,47

Z= 0

C =L p Lx (x +X) +L y(y +Y) +L zZ

where x, y, z are components of r, obtained from Section 3.2.

-
1
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b. Range Observations

IIf range is observed, the residual is

RI = P- PC

c. Angular Observations

If azimuth, A,and elevation, h, are observed, the residuals are,
respectively,

R2 p PA" (_L-Lc)
R2 _ -A !LC

R3= c (L - L)

where

. A =Axh S+ Ay h E + A Z

D = Dxh- + Dyh E + Dzh-

L = Lxh- + Lyh E + Lzh Z

The S, E, Z unit vector system and the horizon oriented Lh' Ah' Dh unit vector

- system are defined by:

/S = sin € cos 9

S S = sin € sin 9

SS = - cos

Iz

-28-i
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E = - sinO

_' E Ey cos 0

E 0

A-.. Zx = cos cos h

Z Z = i cos h
z

-~~ Lh=-Cos Cos h

xh

x._L L h  uA cos h

SZh cos sin h

. ..- { i i = sin A

eU

h = cos A co h

Lh Lyh =-sin A sin h

L zh = cos h

-29-
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If right ascen,3ion, a, tnd declination, 6 , are observed, the resi-

duals are:

"I R4 = PcA (L-L)

R5 = PD (L-L)

IT~ where

( = -sin

A A = cos

LA =0

D =-sin 6 cos a

x

D D = - sin a sin 6

D = cos 6z

SL = cos 6 cos a

L L = cos 6 sin a
y

IL = sin 6

z

See Figure 4 for these vector relationships.

d. Range Rate Observations

If range rate, p , is observed,

J. R 6 = P c Ap: - p c

1
-30-
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e. Differential Correction Solution

The resid-,als in the observations are related to the changes
in the elements through a first order approximation of the form

00An (CA ) i n) (C 0
+ CyAaK+ aA+ ACo

1

+ (c A)i 60 + (CA  i) Ai + (C i 1

where the form o' the coefficients, Ci, depend on the observation type in

residual, Ri: time of observation, and the observatior weights. These

coefficients, which have been developed by means of first-order partials,

are functions of the orbit elements and computed observations.

The coefficients are computed by first establishing the R and U

coefficients at time t.

R = (a 2/r) e sin EU

R = -2/3 r + (U - Uo ) R

RxN= (a2 /r) [axN - cos (E + c)]

RyN= (a2/r) [ayN - sin (E +)]

a2 ) 2

Uu (a /r) - e

Un u

Un (U-U0) U

-32-
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u =a(l +r) sin (E+o) +
xN r3Fe2~ (l+-e 2) ecE] ayN

a xN e sin ES (I + e cos _

( a2 r

UyN = (1+-) cos (E +o) +

ayN re a t

ay(N e 2 + a e

When the siant range is observed, the residual and coefficients
are given by the expressions:

R IR

opE. =F U R +L -rVUnj t
C '6 Rn + c -

n

Lc =[~ R +L~ 1 
CAax=LcURN+L UN] -- --

Ca =k.U R + L V byN]-- a yy,-c- yN -- -UP

C A  L_ - R + L , V U ]
AU U0  = [ -L- u -- i--p

= V r cos i - L.W r sin i cos u]

= 1CL IL.WrunCF'

A~i GC p

C V LaJ where the v subscript refers to

the range computed from the variant ephemeris. If computed by the analytic

C [13 a n (t-to)CD APr CA C

-33-
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where K is a unit conversion zonstant and CD is set emval to 2. The

quantity Cp in the coefficient ecuations is the standard deviation in
1

the range measurement, so that --_ is the weight of that measurement,p
assigned as described by Section 3.1.

When azimuth A is observed, then R = - and the coefficients
T A 1
Qare obtained by replacing L by A. In this case, the - is replaced by

I P
--==- where G^ is the standard deviation in the azimuth measurement.

The seventh coefficient, in the variant ephemeris mode, must be computed
as

C PC A- iv i

A! Pc "A[ L ()

With the azimuth, elevation h is always observed, and in this case
R3

R = - and the corresponding coefficients are obtained by replacing L

1 1
with D. - -- is replaced by p ,where Ch is the standard deviation in

c h
the elevation measurement. The seventh coefficient in the variant ephem-

eris mode is

C
1A1  =L-v- c

a CAl Pc "h 6(1

m m
R4

If right ascension a is observed, then R = a and the corres-

ponding coefficie-.s are obtained by replacing L with A. 1 is

replaced by - ,where GC, is the standard deviation in the right

ascension. A1e seventh coefficient ia the variant ephemeris mode is

A.

-34-
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mmC A a c L - L)]

Along with right ascension, declination 6 is always observed, and inR 
5

Ithis case R = and the corresponding coefficients are obtained by
rw i

replacingL with D_. - is replaced by p a6 ' where ab is the standard

I deviation in the declination. The seventh coefficient in the variant

ephemeris mode is

- c

If range rate, p, is observed, the preliminary coefficients

are computed from:

5/2
%F u 3 (e cos E - e)

uR3

r
Rn 3 3 0 u

R ft a7 5/2 [sin (E 4w) a] -"
xN 3 - N a esnE-ayN

I
lr
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I . 5/2

a "'N
yN 3 [- cos (E +a)) - ayN e sin E + axN

= 24 -- e sin E

U3 rj rv.U)

n =3 +  (U u) "u

iUf' -I-~ e lcos (E+ w) a +aN

-a5/2 2
UyN = a %---, a e2 sin (E +o) aYN + ipI yN r3 I N ar

The range rate coefficients are then computed as

C A U [R- Rn - Un) - pc Rn]+ _c' U Rn

n + L .V [(U+rU) 
U]+P.VU --c (- (U r U c Un +-c - n

C = x Lc° U - Pc (RxN-V UxN) -p RxN]+ Pc U RxN

+ L V c x + ir UxN _c UxN ]+ P -( Nx
AJI --C ( -V- -r --c --

CA ayN yn c yN] -c - yN

+ L r (U +r " U 1

-c c yN r yN' c yN] - yN apb

L -[pc(ku Uu) -p- Ru+ -URI C°o= " -Au u[ P uC c u]+ Ru

+ L • V [pc (LI + Uu ) - .c U + -c y U-c - r U ua"- u
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+ - V r cos i + L W sin i [ (r sin u - cos u

+ PCr cos u cW r sin i Cos u

!C Ai =  L c '. W [pc (r cos u + r sin u) - k r sin u]

I rereenc _--- r sin ui

If computed by the analytic formula,

Aa n (t - t) CD A K] 1

N n
N

SC..A. =R.
Let j=l 3 1

represent all such equations of condition, where C.. are the coefficients,
R.. are the accepted observation residuals, A. are the corrections to the

orbital elements, and N is the number of elements to be correctea and is the~number of accepted observation residuals. The resulting matrix equation is

solved to give the corrections, A. in a least square sense, to the orbital
elements at time, t . These corrections are applied as follows (primes
denote corrected elements):

no = n1 (i + - -n° )
0 A n

I U' = U + AU
0 0 0

-37-

I



axNo =axN Aa
x N xN°0

a' =a + Aa
yNo yNo yN

' =go+A
7it = i + Ai

L' = U' +9, ifW' =Cos i> 0

10 0 0
SL' = U1 - ' if W, = Cos i < 0

m .0 0 - 0 z

Following the above calculation of the corrected elements,
another representation of the observations is performed, on the basis

of the corrected elements, and another set of residuals is formed by
* using the same input observations. The RMS values of the last two sets

of consecutive residuals are compared to insure convergence of the
computational process. The process is complete when the residual RMS
converges to the minimum value considered as acceptable.

-

_ __'
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3.4 PREDICTION AND RELIABILITY

Once a corrected set of elements has been established, the Special

Perturbations formulation is used to compute future position and velocity.

The accuracy of the prediction may be estimated by means of an analysis of the

effect of the element uncertainties by their propagation through the represen-
tation equations.

a. Prediction Options

The prediction function applies the equations of Section 3.2 to repre-

sent the position and velocity at some specified time. Two modes of prediction

have been formulated: (1) prediction by specifying the initial time,

the number of points and some time interval and (2) prediction for the time of
closest approach to some specified sensor.

Prediction by time is a process of representing the position and
velocity at the requested times. In the Special Perturbations formulation this

requires an integratior to the initial time point followed by integration to

the subsequent time points, as specified by the time interval, until the final

time is reached.

Prediction by sensor requires a more complex logic. Here. the

numerical integration proceeds until the range rate relative tG the station

changes sign from negative to positive. At this point, the integration is
used as part of an iterative scheme to obtain the time when range rate is zero.

Once established, this is considered to be the time of closest approach. The

routine then goes on to obtain prediction points for specified time intervals

and duration on either side of the time of closest approach. This process may

be repeated for any number of passes over the sensor; however, it is restricted

to one sensor.

b. Aeliability Estimates

The prediction function has the capability of estimating the reli-

ability of its prediction points. This estimate is obtained by means of the

variance-covariance matrix of orbit elements established in the final iteration

in the differential correction process (Section 3.3 e). This Watrix may be a

six by six or a seven by seven depending on the nature of the differential

correction. In either case the variance-covariance matrix may be defined as

(A-], and the quadratic form

i -39-
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D -1 (GTI [D] = [ G] [A " I ]  [G] T

leads to the variance-covariance matrix of predicted position [D].

I The variance-covariance matrix of predicted velocity [6] is
obtained from the quadratic form

1 [6] = [H] [A"I  [H] T

The formulation for th :standard deviation in predicted position
and predicted velocity requires the formation of the [G] and [H] matrices. The
[G ) matrix is used to relate uncertainties in orbital elements to uncertainties
in predicted position. The [H ]matrix is used to relate uncertainties in orbital
elements to uncertainties in predicted velocity.

The [G] matrix is composed of the following matrix elements:

g11 =Rn

12= Rxn

-. g 1 3  R yn

9 14 R u

-
g15 =0

96 0

17= 2/3 an(t-t°) CD A pr Rn

g21 = Un

g 2 2 
=  Uxn

923 = Uyn

1-40-
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U

924 u

25= r cos i

S26= 0

g 27 = 2/3 an(t-t ) CD A P U
0 D r r,

932 
= 0

g3 3 = 0

Sg34 
= 01

g3 5  -r sin i cosu

936 = r sin u

3 The [H] matrix is composed of the following matrix elements:

hl= (Rn "vU)

h Rn -vU
12= xn xn

h13 yn - U yn

I 14 R u v U

b1 =- rv cos i

-5
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h16 0

h17 =2/3 an(t-to) CD A p (Rn - n)

h =u
21 n r n

-= h2 = I} + - u
xn r xn

23 yn r yn
* r y

h24 + U =024 u r u

h rcos i
25

h26 0
m26

h = 2/3 an(t-to) A Pr (n + r Un)

h31 0
- h3 = 0

h32 0

h 33 0

h 34 0

h 3- (rv sin u - r cos u) sin i

h3 6  rv cos u + sin u

I37=0
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The quantities Rn, P, Rn ' Ru , U n2Uxn Uyn' Uu Rn n Ryn

Ru iu U xn ,yn' U are defined in Section 3.3 e.

I The matrices [G] and [H ]are functions of the orbit parameter

and the prediction time. [ G]T and [H F are the matrix transpose of [G ]

and [H], respectively.

Thus, the reliability estimates are obtained from the main diag-
onals of [D land [b]. These estimates are the standard deviations of the
in-track, cross-track, and out-of-plane components of positin and velocityIat the prediction time.

N.

1

J

I
-43-I

I



SECTION 4

OPERATING INSTRUCTIONS

The Executive Program of the SPS B-2 System processes the Element,
* -Sensor, Observation and Parameter cards leaving the data in specified B-2

core buffer locations to be accessed by OBSWGT and SPWDC.

The Observation W-eighting Program will reformat the observations,
ordering them in time and applying weights (optional) for a maximum of 400
observations. It then calls SPWDC for execution.

The SPWDC program may go through a differential correction process,
prediction by station, or prediction by time as specified on the Program
Parameter Cards.

4.1 TAPE SETUP

The logical tape assignments are:

Logical Unit Tape Description

I SPS B-2 Binary Master

2 Input

4 SEAl

6 SRADU (optional observation input)

7 Weight tape (optional)

S11 Output

WA 12 r, - binary output tape (optional)
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4.2 DECK SETUP

Input to the SPWDC Program consists of SPS coutrol cards, Parameter
cards, Elemenc cards, Sensor cards and Observation cards (Figure 5).

E NDOFJ0B

jObservation Cardsje

(optional) it

Sensor Cards
(optional)

Element Cards (.'
o 0 tional)

-j Parameter Cards'

SPSJOB

FIGURE 5. SPWDC INPUT DECK

4.3 INPUT

a. Program Notes

(1) The input options for the SPSJOB card are to be found in
Appendix I.

(2) The differential correction is controlled by the following

cards:

(a) The OBSWGT Parameter card calls the SPWDC Program.

(b) The Vehicle Characteristic card contains the mass,
diameter, and reflectivity of the satellite for

-45-
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I
the drag and radiation pressure computations.
This card may be omitted if the following values

Tare acceptable:

mass = 10.0 kg

diameter = 1.0 meter

reflectivity = 1.0

(c) The Differential Correction Control card contains
the pertinent information for the integration and
differential correction.

(d) The Absolute Error Control card may be omitted if

aL = 10-

a, ah = 10
-8

are acceptable values.

(e) The Relative Error Control card may be omitted if

rL, ra, rh = 0

are acceptable values.

(f) The Program Execution card specifies that a differen-

tial correccion is to be executed and starts opera-
tion of the program.

(3) Prediction by time is controlled by the following cards:

(a) OBSWGT Control card

(b) Absolute Erfor Control card

(c) Relative Error Control card

(d) Time Prediction card #1. (This card containa
integration and output information.)

-
-46-1
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(e) Time Prediction card #2. (The time output intervalTis indicated on this card.)

(f) Program Execution card. (The Prediction-by-time

path is set, and execution begins.)

(4) Prediction-by-station is ccitrolled by these cards:

0V (a) OBSWGT Parameter card

(b) Absolute Error Control card

(c) Relative Error Control card

(d) Station Pass Prediction card #1. (The integration

and output information is specified.)

(e) Station Pass Prediction card #2. (Sensor data may
be input from this card or from a B-2 SEA1 tape.)

(f) Program Execution card. (The Prediction-by-sensor
path is set, and execution begins.)

(5) Each of the three, differential correction, prediction-
by-station, or prediction-by-time, may be run separately,

or the combination of differential correction and pre-
diction-by-station or time may be executed. For actual
test cases and variations of logical Daths, see Section 6.

b. Input Deck

A typical input deck is arranged as follows:

70 SCHTP (1182)

JOB Card

REM Card

S PS JOB

Parameter Cards

i -47-
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T Element Cards (SPADATS format) (3)

I Sensor Cards (SPADATS format)
(3 )

Observation Cards (SPADATS format)(
3 )"

ENDOFJOB (182)

ENDSCHED (182)

Since the Element, Sensor and Observation cards are standard
SPADATS System cards, only the Program Parameter cards and the Weighting
Tape Input will be described in this Section.

(1) Parameter Card Formats

The first parameter card must be the OBSWGT card which

contains the identity of the program called by OBSWGT after processing
the observations. The rest of the parameter cards may be in any order,
with the exception of the Program Execution card which must be the

-- last card. Note that:

(a) If six or seven elements are being corrected,
the n only correction and the Aq check may be
chosen as options. (Differential Correction

Control card)

(b) The prediction reliance option for prediction-
by-time or station is only possible if six or
seven elements are to be differentially corrected,
the observations are weighted, and the drag per-
turbation is computed (for correction of seven

elements). If these conditions are not met, the
flag is turned off and the run proceeds withcut
prediction reliance. (Time and Station Prediction

cards)

Appendix T contains the Parameter cord formats and related

code informat ion.

-
1 -48-
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(2) Weighting Cards

Additional weighting input data may be contained on aweighting tape which has the following card deck setup:

T ENDSIGMA

4 e hting ControI
-° 'WIDatag for Sensors /

70 WEIGHT

FIGURE 6. CARD DECK FORMAT FOR THE WEIGHTING TAPE

Data will consist of the standard deviations (1) fbr the
observations specified as constants for each sensor, (2) for each

observation, or (3) specified by control information for determining

- the method to be used for computing the standard deviation.

There may be weighting of all observations or no weighting,

- but in a particular job there cannot be both weightedand unweighted
observations. There must be sigmas for all quantities observed or

.the observation will be rejected for lack of weighting information.

Weighting information is obtained from Weight tape or from the file

data in the Observation Weighting Program. (Appendix I contains the

card formats for the Weighting tape.)

A weighting tape must contain weighting information for

(1) sensors only, (2) observations only, (3) functions only,or (4)

sensors and functions.

I
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4.4 OUTPUT

The output for SPWDC consists of element cards, printed data, and
optionally a binary tape and/or punched cards. The SPADATS seven element cards
plus the vehicle characteristic card are punched out (data select 2, code mode)
after the successful completion of the differential correction of the orbit. A
binary tape containing time in minutes since epoch, position (r) and velocity(f) is an optional output for prediction. See Figure 7.

Block I 70NULL2

Blocks 2 18 sets of t, r, r
- to N-1 followed by two words

of D/O

Block N 1-18 sets of t, r, i
followed by two words
of A/ZZZZZZZZ

FIGURE 7. CONTENTS OF BINARY TAPE

The printed data (data select 1) consist of heading lines, differential
correction output, prediction output and error comments. An additional punched
card option will output special format cards containing time and position data.
The punched cards contain r and integral days since beginning of the year (firstcard) and fractlonal time (second cerd) in the format

1ID + XXXXXXXXX + YY

1 -50-
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where ID is an identifier:

ID
08 X
09 Y
10 Z
11 t (integral days since beginning of year)
12 t (fractional day)

3a. initial Output

The first line of each page will be:

SPECIAL PERTURBATIONS WITH WEIGHTED DIFFERENTIAL
CORRECTION PRG (Date) PAGE

This is followed by the card image of the parameter cards. Any error

on an input parameter card will cause the following comment to be printed:

ERROR IN INPUT CARD NO JOB TERMINATED

If the proper sensor data was not found on the SEA1 tape or on a senso;:
card, the remark

NO COORDINATES FOR STATION NO , OBS. SKIPPED

is printed. When no standard deviations are found for an observation,

NO NEIGHTING INFORMATION FOR OBS. FROM STATION

NO , OBS. SKIPPED

is printed.

b. Differential Correction Output

The differential correction output consiscs of the residuals (optionelly)
for all of the observations, followed by the root-mean-squares, correction to the
elements and corrected elements. For a weighted run the normalized root-mean-
squares are also output. This output is repeated until the differential correctionI converges or diverges.

I
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For convergence the finai set of residuals is followed by the comment

DC CONVERGED - THE NEXT CORRECTIONS WOULD BE

and the final set of corrections. This is followed by

I NO. OF RESIDUALS USED _ _NO. OF RESIDUALS

REJECTED =

1printed with the values. Then follows

OLD ELEMENTS WITH RESPECT TO OLD EPOCH .

OLD ELEMENTS WITH RESPECT TO INTERMEDIATE EPOCH . .

NEW ELEMENTS WITH RESPECT TO INTERMEDIATE EPOCH .

NEW ELEMENTS WITH RESPECT TO NEW EPOCH .

with appropriate values. The seven element cards and the vehicle characteristic
-- card are punched out when the differential correction has converged. Following

this output, the comment

ELEMENT SET UPDATED

is printed. For divergence, the error comment

DIFFERENTIAL CORRECTION DID NOT CONVERGE, JOB TERMINATED

is followed by the proposed corrections to the elements and the corrected elements
with respect to the old epoch.

c. P:ediction Output

For prediction by print triples there are four output options. The
time in days since beginning of the year is followed by any or all of the
following:(1) position and velocity (r, _)

(2) osculating orbital elements (a, e, i, 2, cD , U)

(3) subsatellite track (0, X E' h)

-
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For prediction by statio-i pass there is, in addition, the option to

output

(4) acquisition coordinates ( p, p, A, h)

d. Prediction Reliability Output

The optional prediction reliability output will print the standard
deviation in the predicted position and velocity components at each prediction
point. The format provides two lines oF data per time poipt. On the first line
the standard deviations are referred to the cross-track, in-track and out-of-
plane coordinates, and on the second line they are referred to the inertial x,
y, z coocdxcnate system.

e. Error Comments

T The following are error comments which may appear on the printed output:

(1) An error in the Runge-Kutta integration routine
will give one of the following comments:

ERROR IN INTEGRATING VARIANT EPHEMERIS,
JOB TERMINATED. (Correcting Mass)

ERROR IN INTEGRATING EPHEMERIS FOR DC,
JOB TERMINATED. (No Mass Correction)

ERROR IN RUNGE-KUTTA IN PREDICTION BY
TIME RUN TERMINATED. (Predict.on by Time)1
A(I) + R(I)Y(1)=O ERROR IN RUNGE KUTTA
INTEGRATION (Prediction by Station)

DELTA T = 0 AT ANY PT IN THE INTEGRATION
PROCESS (Prediction by Station)

(2) In computing the satellite altitude for the drag per-
turbation for too-low a satellite, this comment is
printed:

SATELLITE DROPPED BELOW 50 KMS. TIME
SINCE EPOCH = MIN.

-
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1(3) When all t-e observations are rejected before the ditfer-

ential correction,

INO GOOD OBSERVATIONS END OF JOB

is prinLed.

(4) If Kepler's equation could not be solved for (E +Ca)
before entering the integration routine, the comment

DID NOT CONVERGE IN KEkLERS EQN IN 50

ITERATIONS, RUN TERMINATED

appears on the output.

(5) If the number of good observations was less than the
number of elements to be corrected,

DC FAILED. NOT ENOUGH GOOD OBSERVED QUANTITIES
TO SOLVE THE LEAST SQUARES MATRIX, JOB TERMINATED

is printed.

(6) If the RMS gets larger twice in a row, if there is a
change greater than 0.5% in the RMS, or if the maximum
number of passes through the differential correction
have been made, the following is printed:

DIFFERENTIAL CORRECTION DID NOT CONVERGE,

JOB TERMINATED.

(.7) When the input Aq is greater than the computed Aq,
- this comment appears:

Di:LTA Q TOO LARGE, REPEAT CORRECTION WITHOUT

CORRECTION AXN AND AYN.

(8) When the prediction reliability check is attempted in
a correction involving less than six elements, this1comment appears:

INSUFFICIENT EQUATIONS TO OUTPUT SIGMAS

1
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SECTION 5

IFLOW DIAGRAMS

The following flow diagrams display the computational procedures
and logical flow used in the program. Stardardized symbols are maintained
throughout. Ovals are used to indicate subroutines. Rectangles are used

for computational processes. Diamonds represent logical decisions or
branching tests.

5.1 MAIN FLOW DIAGRAMS

The main flow of the program is shown in macro structure on the
following two pages. These diagrams display the differential correction
function and the prediction function of SPWDC.

5.2 DETAILED FLOW DIAGRAMS

The detailed flow diagrams are displayed in Appendix H! and show
all program loops within SPWDC.
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SECTION 6

TCOMPILED TEST CASES

I

The three test cases for Satellite 116 described in this section will
test the logical paths of the program. Note that the Observation and Element

cards are the same for all cases and the sensors are obtained from the SEA1
- tape. The vehicle characteristics for 61 OMICRON 1 are diameter 1,1283, and

mass 79.378 kg.

6.1 TEST CASE 1

See Figure 9, Weighted Differential Correction.

4 The first test case is a weighted differential correction with 11

observations covering a 40-hour period. The element set and observations are
card inputs to the program; the sensors are obtained from the SEA1 tape (input

* option 5). The weighting data are from the Weight Tape (Figure 15). Bulge,
drag, and radiation pressure perturbations are included in the variable inte-
gration with a starting step size of -1.0 minute. Six elements are to be
corrected in a maximum of 9 passes through the differential correction with an
n only correction on the first pass.

The absolute maximums for rejec-ion are 1000 km and 0.5 km/sec; the

rms multiplier is 1.5. All residuals are to be output, and the new epoch is
the 10030 revolution.

See Figure]O for Test Case I output.

-
1
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6.2 TEST CASE 2

See Figure ii, Weighted Differential Correction and Predicrion by

Time.

The ephemeris calculation incorporates a variable negative inte-

gration with an initial step size of one minute taking into account bulge
and drag perturbations and taking the new epoch to be 200.7 days since the

beginning of the year. Six elements are to be corrected with an n only

correction on the first pass and a Aq check of 500 km. The time prediction
integration is in the variable mode with an initial step size of 1.0 minute

taking into account bulge and drag perturbations. Ten points are output at
a one-minute interval starting at 200./ days (July 19, 1963). All printed

options including prediction reliance values are output as well as the binary

tape and punched cards.

See Figure 12 for Test Case 2 output.

6.3 TEST CASE 3

See Figure 13, Unweighted Differential Correction and Prediction by

Station.

This is an unweigbted differentLal correction run updating the epoch

to the time of the last observation. The integration is in the variable mode

with an initial step size of -1.0 minute; bulge and drag perturbations are

included. Six elements are differentially corrected with an n only correction

on the first pass. The initial rejecticn maximums are 1000 km and 0.5 km/sec

with an rms multiplier of 1.5. There is a maximum of nine passes through the

differential corrcction with the residuals output each time.

In the station prediction the integration mode is variable with a

two-minute step size; the Earth's bulge and drag are included. Printed output

consists of t; E, r; e, e, i, n,w, U; 0, X , h; and p, p, A, h for sensor 216
(coordinates are on the SEA1 tape). The ouiput points will be 5 minutes on

either side of the point of closest approach at a 1.0 minute interval provided

h >1.00 .

See Figure 14 for Test Case 3 output.
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APPENDIX I

IPROGRAM PARAMETER CARDS

Code information pertinent to the parameter card formats is as
follows:

Code Contents

1 Alphanumeric information

2 Integers

3 Floating point numbers

XX...X.XX...X (decimal anywhere

in the field)

XXXXX ..... X (no decimal)

4 Flag

A or 0: not to be computed
1: to be computed

-67-
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Illiilii111111111li1t1111111111 ltW n n* 11, V 11131111111

3[3 :22234::::33333332353333333333333333333333333333333333333333333
4444444444444 4444444444444444444444444444444444444444444444444444444444444

666-666666SSiESSSS6S S566666S6S5S666666S666Cii5S66B6666S6S66SSlllg66666666Gi

Field Column Contents

1 1 - 8 SPSJO0B

2 9 - 16 OBSWGTEA

3 17 INPUT OPTIONS (See following page)

418 0 OUTPUT OPTION

FIGURE 1.6.' SPSJOB CARD
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ii SCHEDULE TAPE INPUT OPTIONS

(Reference SPSJOB Cards)

Sensor Element Observation Parameter Satellite
Option Cards Cards Cards Cards Cards

0. N N N* y y

I N Y N* Y N

2 Y N N* Y Y

3 Y Y N* Y N

4 N N Y Y y

5 N Y Y Y N

! 6 Y N Y Y Y

7 Y Y Y Y N

8 N Y N Y N

II9 N N N Y Y

~N = No

Y = Yes

Options 0-7 refer to differential correction and (optionally) prediction
8-9 refer to prediction only

*Observations are from the SRADU tape.

NOTE: Whenever N appears, data are obtained from data files (except for
satellite number cards). In the case of sensors and elements, the

data source is the SPS B-2 SEAl tape. When elements are input from
the SEAl tape, the Schedule Tape input must contain satellite number
cards. If observation cards are not input from the schedule tape,
they are obtained from the SRADU tape.

-69--
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1 2 4 6

2222222222222222221222222222222222222222222 2222222222222222222?222222222:222

44444444:44444444444444444444444444444444444444444444444444444444444444444444i

I 1117 1 111 ii ? 77$7$1111 11 11177 1117 77 7 77 7$111?77 77 1177 1771111111771

7 is 117 1, 14 Is t lIt 19lSiM l i23 lN IlMliM ,9)34 4147i U4!AS till $ $6AiiU WS"I 1 lall t U

Field Column Contents

1 1- 8 SPWDCAAA

2 9 - 11 Satellite Number (optional)

3 12 0 or A - Weighting Tape Input
i - Use Sensor Weighting Data in OBSWGT

L" Weight File

4 13 -78 Not used

5 79 0 or A - Use Observation Weights in SPWDC
I - -o Not Use Observation Weights

6 80 P

T

FIGURE 1. OBSWGT PARAMETER CARD

I-7:-



I..I t

1 2 3 4 5 617

2222222222 22??2222222?222222222222222?2222222212?22222222122222222222222 22

i333333333333333333333333333335333333333333333 33333333 333333333133333 13333333333 3

44444444444444444444444444444444444444444414444444444 44444444444444444444 4444144

6 6 6 666 6 6 6 6 666666 6 6 6 666 6 6 6 66 6 6 6 6 6 6 666666 6 6 6 66J6 6 6S56566 6566

99 99 9 9 919 919 999 9 99 9 999 99 9 9 9 9199 99 9g 9 99 9 99 9 99 9 99 9 19 9 11 1111 1315 11

Field Column Contents Code

1 1 -42 Remarks 1

2 43 - 52 Diameter of Satellite (Meters) 3

3 53 -62 Mass of Satellite (Kg) 3

4 63 - 72 'y (Retlectivity) 3

5 73 - 77 Not used

6 78 -79A2

p7 80 p

'Vm

FIGURE 18. VEHICLE CHARACTERISTIC CARD
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, 51, 7 8.I. 1 18 19115 12 13 14 15 6. 71;

I :5j,i

4444444444444:4I4444444444444 444444444,44:44444 444444444444444444j44444444144444444:4

55555 55 5 5 5515S5'5155 5555 5 5 5 5 5SiSj555 5 5 555 S5 5 5 5 55 5 55555Y 5j5 5 55 5 5 5'
6 6616 6 66 666 616666666666.6 6 6 6 i6 6S1 666 66666666666616666ISSSI6S166SSG6S1S

17 7 7 1 71 14 15 1 77711 1 7 7 1 ;ll 1 2 1 1 1 7 i 7 15 1 11 1 9

ImI 8 m m II1 II ,m II!III III IiI1I I1111II! I is II $$#to I $oi I I I' I I I I I II 1 1I1 1188 I1188

Field Column Contents Code

1 At Integration Mode A- variable, 1-fixed) 2
2 2 11 At Minutes (positive or negative) 3
3 12 Bulge Perturbation 4
4 13 Drag Perturbation 4
5 14 Radiation Pressure Perturbation 4

6 15 New Epoch Mode (A- Rev)(1-Time)(2-Time of Last Obs)

7 16 - 29 t (time in days since beginning of year)(Absolute
P Revolution Number) 3

8 30 - 36 Elements to Correct: n, axN, ayN , Uo' ,
' i, m 4

9 37 Max. Number of Corrections 2
10 38 n Only Correction on the First Pass* 4
11 39 A q Check* 4
12 40 - 47 Max. A q (KM) 3

'- 13 48 - 55 ABSMX (KM) 3
14 56 - 63 ABSMX2 (KM/Sec) 3

1" 15 64 - 71 n (RMS Multiplier)- First3
16 72 Residual Output -Never)(l Set)" Last

(2-Every Set)
17 73 - 77 Not Used
18 78- 79 A 3
19 80 P

*Applies only if 6-7 Elements are to be corrected.

FIGURE 19. DIFFERENTIAL CORRECTION CONTROL CARD
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2 3 4 5 6 78 910os ,soooooooooooo ,,oooocooooooooooosooooosoooo~ooo, oooe,oosojs oooe.sir
l l l ll'? 'SlI's,6lll t x D24?3 ) n U 3 1 1 1 11 I si ll2lt in 22Pl l ll

222222222222?2222?2?222222? 222222222222222222222 2222222222222222

33 333333333333333 3 3333333 33333 3 33 33 333 33333 3 3 3333 3 333 3333353 3

41444444444444444444444444444 44444 44 444 4444444444444444 444444444 4

j1 , 5 5 5 5 5 5 5 555 5 5 55555 55 5 5 5 5155555 $1 5 5 55 5 5 5 5IS I

66666566666666666 616666656j666 6 6666 66 6666 6666666 5666666 666616661

9 9 9 9 9 99 9 9 1 99 9 9 9 9 9 99 99 99 9 919 99 99 99 9 9 91999 9 99 9 999!99 9191 9 s 9 9 9 1111 111 Js I II

F1 Id C,,I unn Cunlents Code

1 i - 10 aL (Absolute Error Criteria) 3

2 11 - 2T a 3

3 21 - 30 a 3a
y

4 31 - 40 aa 3
az

5 41 - 50 ah 3
I- X

6 51 - 60 a 3

y
7 61 - 70 ah 3

z
8 71 - 77 Not Used

9 78 - 79 6 4

10 80 P

IFIGURE 2j. ABSOLUTE ERROR CONTROL CARD
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2 u 3 4 u 5 6 7 8 9110

III 61 1 1 I 5IIII) so tox " I#ill Il l x31 HM i lltll 3810411 1111 4Ol I sl l IIIIIIII1 I11716 1

2 222222222222222I?!222222222 2222222Z22222222222222222222 222222222 22 22121

333333333333333333333333333335333333333333333333333333333333333333333333,331

4444444444144 444 444 4444444444444444444444444444444444

666666S566166$66S6S6 6666666 66 S6h66666SS6SSS~I66S~SSS6SS
1 I 1717 711 1117177111117 777 7 777717 77777 7 77777777717777 777 7771117

3, 4 iji l I?l]141)I&Ilt4It 
1
2IfI IN2UNfl'M235)41 ]|DK/M G 4MMI MMMIPS3UNS)U ftfN)43fl4 U

Field Column Contents Code

1 1 - 10 rL (Relative Error Criteria) 3

2 11 - 20 r 3
a
x

3 21 - 30 r 3
a
y

4 31 - 40 r 3
a

z
5 41 - 50 r h 3

x
6 51 - 60 rh 3

y
7 61 - 70 rh 3

x

L, 71 - 77 Not Used

9 78 - 79 A 5

10 80 P

FIGURE 21. RELATIVE ERROR CONTROL CARD
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I5 2 1 _ _ __!I_1__2

60690000000 1. COOlL2
, oooo oo~o oo ,o jSoi Jjoo oo ooooooooososooomeoseesssssssoseeessueesssslmsj

1241 61 oi 1n1 41 21 X 8 X 31 U 33 .6 IS~ Xi 11t5j'.~ 3¢J s )~ x n ~ x4 00 43Wf 4444 N5 3 O 1 1A*$180 1111 lit u~ ll M 4l n 3

66666666666566'.366 S666B 6 55666S6666SS6666I 666666S6661
I I II7I1 77j 777717777 7777 7177717177 7777177 177777717 7777777171

I I3 I I 1 1 881 118 $ 18ti~p 2Il3 1 821822 1U2 13 8 111 4 I III I23 I444 3S24I iUI II eI II I I I f3I l4 I6 I14III 44 III

Field Column Contents Code

1 1 At Integration Mode (A- variable) 2

(1 - fixed)

2 2 - 11 At (Min)(may be negative if desired) 3

3 12 Bulge Perturbation 4

4 13 Drag Perturbation 4

5 14 Radiation Pressure Perturbation 4

6 15 - 16 Print Flag l-t, r, _ Add flags for
S2-t,a,e,i~ ,co,U, combination

4-t,, X)E h ' of data

7 17 Binary Tape Output 4

8 18 Prediction Reliability* 4

9 19 Punched Cards (L,t) 4

10 20 - 77 Not Used

11 78- 79 A6

9 12 80 P

• Must be a weighted 6 element or 7 element with drag differential

1 correction rut.

FIGURE 22. TIME PREDICTION CARD #1
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2 .

_________________ 2222222222222222222?27222222222222222222222 2?21

66;O'V666661696666666666666666$#6;46 666a 651S 666Si6S63i~SS6 ES66S SI,6

9999999,99919999999,199199999 999999999999999S9999989999969!9991391g31389 91
181. 1 It M ISI2III 61III I r f1J1.24 a2Ifln3I3?32 1 It x 11404,42. 4 6l411M591SI$I um n"a p 1 1gflflfl24f ll! 11:00

Field Column Contents Code

i 1 - 12 Time in days since 3

beginning of year

*2 13 -20 A t(Min) 3

3 21 - 24 Number of output points 3

425 - 77 Not Used

5 78 -79 A 7

6 80 p

FIGURE 2'~. TIME PREDICTION CARD #2
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O|IGGOSooGoo clo so~osooooo,,aoooooooogeooogssososogoau,g, oeoogoggeo,,g 0J

i1111I!11t~ 1111 1I I!!! I!.11 S41 II SSll I ~gIf l I Ulll !111IIm

2, 1 61S 2 1 ,1 /

12 1 9596 9 9 .1 lg 11 1) 490 iso is 11 L9 Xl A n 199 A!19 n 1 9 INS Vli l1 11 XI tnlfl XI Pfl XXX 3631 /

2?222222222222222222222222222 222222 222222 222 2222222222222222222222222222

PP 555S 55 555 55555555555555555555555555555555555555~j5555555555555555555555

656&66666916 ASS:SS:G6isiBBi666iJqSlS~g~ :BSs6:,S:Sg:$iggg

I I I I I I I I I I I I 11 7 7 7 I777171 17 7 7 11111

Field Column Contents Code

1 1 At Integration Mode (A- variable) 2
(1- fixed)

2 2 - 11 At (Min) 3
3 12 Bulge Perturbation 4
4 13 Drag Perturbation ,i

5 14 Radiation Pressure Perturbation 4
6 15 - 16 Print Flag 1-t, r, i I Add flags for

- 2-t, a, e, i, a,o, U combination
4-t(,X ,E, h of data
8-t, p A, h

7 17 Binary Tape Output 4
8 18 Prediction Reliance* 4
9 19 - 22 Sensor Number WAA- Station Pred. Cdrd 2 needed)

(XXXX - SEA1 Tape) I
1c 23 - 32 K - No. of Passes 2
11 33 - 42 AT (Min)(Either Side of Closest Approach) 3
12 43 - 52 At* (Miin) (Output per At*) 3
13 53 - 62 Minimum h (Deg) 3
14 63 - 77 Not Used

15 78 - 79 A 8a 16 80 P

*Must be a weighted 6 element or 7 element with drag diffeLential

correction run.

FIGURE 24. STATION PASS PREDICTION CARD #1
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123 1_ _ _ _6__ _

1333 333333333j333333333 3333333332333333333SS333333333333333333 2233
4414444444444444444444444444444444444444444 44444444444444444444444444444444 444

666j6E16B66666616 BS6SSS6SBS6SSSSSSSSSBSIIISISSISSSSSSSSSSSSSSISISSSSIISIIISI61

I 17 7 7 1111 y7 117 7 1111111717 1111 777 17 7 177 7 717 7 7 7 71 11117 7 171117 77 7 7 7771171J7

1959999991199199991999999999 99999999993991999tl
[I ? 4 ~ ~ I 4 r 9li g 11

Field Column Contents Code

1 1 - 4 Station No. 1

2 5 -14 (1 Latitude (Degrees) 3

*-3 15 -24 XCU Longitude West (Degrees) 3

4 25-34 H (Meters) 3

5 35-77 Not Used

-. 6 78-79 A 9

7 80 P

2: FIGURE 2 ). STATION PASS PREDICTION CARD #2
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I
I

3 4

e!oloooooo00000000000000000ooooooJoo00o000000oooooooooo IooooSooSoooooo os SSSSUSILI

1 l'5ll1llllt 111 11XIt1 )2$61 X t12 1 111141 1434 1 141111$1 12111111so o*s1111t11111esw111tnu si Iti sx

22?222222222222222222?2222222222222222?222222222222222222?2222222 ?22222
S33333333333333333?33333333333333333333333333 333333333333333335333355 3~33333

T i 1
4j44444444444444444444444444 4464444444444444444 4444444444444444444444444444 44

6166It66 66666 6 6 6666 666 16666 66666666664166 6 15SSi661 6S61116 651111611

1.7i'7 71171171711777117777171 1177 711777 17711 71717 7777777 11777777177777 777117

$1 999999 999999999999999999999999999999999999999 999S99i9uiiiiiiii OIIO!112 3! 4 S 6 1 - 1 It 12 if 14 It ib 41 1I 1 I 21121 ?4 ?b 36 7 29 M 10 31 3 1 r 31H X g 39 40 1 4W 64164$$1 W ! ) H A WH l 51W 1$951 IIIH | U 63N F 46V a0 is

k Field Column Contents Code

1 1 DC Flag 4

2 2 Prediction (A - no) (1-Time) (2-Station) 2
0

3 3 - 77 Not Used

4 78- 79 10

5 80 P

I

I

1FIGURE 26. PROGRAM EXECUTION CARD
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I 1

oooo ooooooooooooeooooooooioooooooooooooooogsogmohe ggge sgeeeooee smese

22222222 22222222222222222222222222222222222222222222222 2222222222222222222222

44444444444444444444444444444444444444444 4444444+4444444444444444444444444444

r 5555555 5555555555555S55555555555555555555555 5555555555555555$15551555555555

' 66516666i666I6666I6BS666$6SS 6SG SIS$SS IIBSiSSSSSIGSSSII$ |

Is9999999S99999999999999999999999999999999 99999sIu9guI339III9| 9S93I99

Field Column Contents
1I - 8 If ID CARDI- 7WEIGIIT

If END CONTROL CARD - ENDSIGMA
2 9 118 Multiple Punch

*1

I FIGURE 2 WEIGHT TAPE CONTROL CARD
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-v--f-i 1\
1 1,2 3 4 5 6 7 _ _ _ _ _ _ _ _ _ _ _

I II

III ~ ~ ~ ~ ~ ~ ~ ~ ~ 00 I111i1!1111111 111 11111111110 111111 11 11 1111

222 2 2 2221222222222 2222222222222222222 22222?2 2222222

44'1444444444444444444444444444414444444444 4444444444444444444444444444444444444
5555555 5555555555555555555555555 55555555 5555555555555555555555555 5555555555

- 66666 666666666656666666 665.S666 1'6S66BCES66616S6666;66s66666666SSS

S 171 7117111; 1177;11111111 177 7718a777171111118111111111111111777711111

. 8880 S8888888811:8886~~sssssassu 888858 05881 588888038881 881 1h3itii8i|

99999999999999999999 99999999 9 99999999 9 99999999999999 999999999 191119919991
1234 8. 12

Field Column Contents

1 1 - 3 Sensor Number

2 4 0 - Sigma Data is for all observations
from a Fiecified sensor

2 - Sigma Data is for the next
observation only

3 5 - 8 Not Used

" 4 9 - i6 01 P(km)

5 17 - 24 a2 P(km/sec)

6 25 - 32 03 A or M (degrees)

7 33 - 40 4 h or 6 (degrees)~4
8 41 11 Multiple Punch

NOTE: If a sigma is not input, leave the field blank

I
1 FIGURE 23 OBSERVATION OR SENSOR WEIGHTING CARD
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4 56 _ 7 8 9 . 10 11 12 1 13oo~ooogonoooooooeoooosOoO oooo o eo~ oo'oooe o eseee soooseooouooo eoose

212222222222222222222222222222212?22222??22222 ?22?2222?222222222222222 2222
33 33 33 33 333 3 33 33 3 33 33 33 33 33 3 3 1 33 33 33 213 3 33 3 333 3 33 33 3333 33 3 3333 3 3 33 3 3 3 33 3 333

4 1444444: :44444444444444 4444444444444444444444444444444444444

5 5 5 555 55555 555555 555 55555 55555555555555555555 5 55 55 55555555555S5555 5 5 555555
- 6661 5666 66B666s66656666666sssg 666$86Is6$is sSe;61 6s66 6655669

S a7I71711811 187717$7177 111111777 1177717 717 I777 7 71777717 77 71771

99 9 9 9999999 9 999999999$ 199!9 99 99999 9919 ,,999991,0999919,11111,1019, 191

Field Column Contents

1 1 - 3 Sensor Number

2 4 1 - Parameter Data is for a function

- 3 5 A or 0 - if the last parameter is
contained on this card*

I - if parameters follow on next card

4 6 - 8 Not Used

5 9 - 16 Function Identifier (left adjusted)

S6- 13 17 - 80 P1 through PS*

*The last parameter must be followed by the 11 multiple punch in

the next field or on the next card if necessary.

1

I FIGURE 29. FUNCTION WEITHTING CARD 1

1-82-
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OO8DioooOgoogooooooooooooOoooooooooooeooooogggoooo~gog,ggggaoog,gg,g

22?2,222222?2222222 222222 22222222 2222222222222222222222222222222222222222222

444444444444444444444444444444444444444444444444444444444444441444444444444444

S555555s55555555555555555555555555555555555555 5555555555555555555555555555555555

- 665665666666666666666566666 666656666966S 66665656691611516*SSSS656566

. 77177177771 7177777117777 1 7 77777777771,1117 11717117777711777711177

..888 88883538888nS886 68888 188Si8858888868OiOsesJ| 888888SSSSSSS8888

979919999999999999999999'99999999,99999999999999999999991sg9 99999999193$999

Field Column Contents

i 1 - 3 Sensor Number

-2 4 1 - Parameter data is for a function

3 5 - 8 Not Used

4 9 - 16 Function Identifier
5 17-24 P

6 25 -32 PI *

•The last parameter must be followed by the 118 multiple punch in the

* next field. 8

) .FIGURE ... FUNCTION WEIGHT INc, CARD 2
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APPENDIX IX

INITIO
INITL III

NOMINAL

EAiTHGRCGI

PRINT OUT THE

PAGE HEADINGINU
TLC GIVEN THE QUANTITIES

GET VALUES FOR h, a . a , L0

L0 C 0INITIALIZATION oGR ' 0 o D THE FOLLOWINC ARE
CRIOUT SET UP VALUES COMPUTED:TCARD IMAGE FRCD, AREA,FQI CMPTD

OF THE PARAMET- FOR )A P io 00 WHERE

ER CARD 0_<__<___rT COMPUTE: 0 < 2 <_
!0< <2fr

CR0 <L.G < eo0 ao Uo. no) aoq

ST INITLX -

J PRINTED YES EXIT jjj~j~
SPRINTEDT 

CYE

CARD 

NO.10

CARD NO.1I0 GET THE DAYS

AND FRACTIONAL
NO

PICK UP T 1950 TO EPOCH

NEXT PARAM- INPUT
ETER CARD THGRCX MASS=O

COELTS QEXIT)YE
"" / YES

... BEG20

COMPUTE:
L 0 (DEG.) SET MASS=1 AND

i (DEG.) 
MASS

f (EG.)DRGCK
ao2 eo iBEG25

.1 XIOMO
IF THE OBSERVATIONS MASS

S SET ARE NOT WEIGHTED, OR

< N = 0 7 ELEMENTS ARE CORRECT-
0. 0 ED WITHOUT THE DRAG

PERTURBATION, PREDIC-

NO TION RELIANCE MAY NOT EXlT

BE COMPUTED." " [COMPUTE

t)(DEG) WHERE

[O_,)o< 2l

CALCULATE: EI

SPa °  (MIN)

COELTSX

FIGURE 31. DETAILED FLOW DIAGRAMS
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INPI3 INP40

INPUT GET THE NEXT PARAMETER CARD 2I P CARD INPUT DIAMETER
IjMASS & REFLECT-

IF !P15 qjIVITY OF
SET THE FOLLOW- SATELLITENXTEIM |ING SWITCH TO .

FROM THE ELEMENT SET INPUT THE NEXT

GET THE VALUES FOR PRMTE CARD

SATELLITE NUMBER & NAME PARAMETER CARD

a a h L ERROR.xN yN -o,o YesNo

TDAYS SINCE 1950.0 INITIAL
AND FINAL REVOLUTION [NP WITCH INP INP IMP
NUMBERS, THE ELEMENT SET 40 (INP20 130 200 13

T NUMBER AND THE EPOCH YEAR

'INP

CONVERT THE
ELEMENT SET INP60
EPOCH TIME INTO FROM PARAMETER CARD 3 INPUT
YEAR, DAY AND INTEGRATION MODE & STEP SIZE
FRACTION OF A DAY BULGE, DRAG & RADIATION PRESSURE

FLAGS, NEW EPOCH MODE AND IF
APPLICABLE REVOLUTION NUMBER OR
TIME
THE ELEMENTS TO CORRECT,
THE MAXIMUM NUMBER OF CORRECTIONS,
THE n CORRECTION FLAG AND THE
Aq CHECK FLAG WITH THE VALUE FOR Aq,

NPTHE ABSOLUTE MAXIMUMS,
THE RMS MULTIPLIER, AND

WHEN TO OUTPUT THE RESIDUALS

SET THE REVOLUTION NEW NO< ERRO
REVOLUTION EPOCH L(fO

L NUMBER 
MODE

TIME
4 SET THE CONTPOL [OR WHICH ELEMENTS

S-- -- UT O C ORR E CT On i ' Q U ° ' a yN ' aXN, n), INP

FOR THE VALUE FOR Aq, AND THE INPUT 13
REJECTION MAXIMUMS

FIGURE 31. DETAILED FLW DIAGRAMS (Continued)



I
TP0INP100 INP120

PARAMETER CARD 4 ( PARAMETER CARD 7 PARAMETER CARD 8
INPUT THE ABSOLUTE INPUT THE PRINT INPUT THE INTEGRATION MODE

ERROR CRITERIA TRIPLES, (STARTING AND STEP SIZE, BULGE, DRAG,
FOR RUNGE-KUTTA AND ENDING TIMES AND RADIATION PRESSURE

AND NUMBER OF FLAGS, THE STATION NUMBER
POINTS TO OUTPUT (IF FROM 9P CARD OR SEA1

TAPE), THE NUMBER OF PASSES,I THE MINIMUM ALTITUDE, TIME
ON EITHER SIDE OF CLOSEST

RROR NO APPROACH, INTERVAL OF OUTPUT,
? 1OUTPUT OPTIONS, BINARY TAPEy '4AND 

PREDICTION RELIABILITY

TN INP8

INP80O14 ES NO INP
IPERROR 13

PARAMETER CARD 5 200 ?

INPUT THE RELATIVE
ERROR CRITERIA FOR NP0
RUNGE-KUTTA STORE THE

FAULTY CARD PARAMETER CARD 9

INPUT THE STATION
DATA; STATION± NUMBER, k, , hkw

ERROR N INP NUBR W.h

13 PRINT OUT:

YES ERROR IN INPUTCARD NO. __,

JOB TERIAINATED
INP TINP ES ERROR NO INP
200 I200 -713

INP90

PARAMETER CARD 6 FINISH

FOR PREDICTION BY TINE INP140
INPUT THE INTEGRATION
MODE AND STEP SIZE, THE PARAMETER CARD I0
BULGE, DRAG, AND RAD- INPUT THE DIFFERENTIAL
IATION PRESSURE FLAGS, CORRECTION FLAG AND
WP4T OPTIONS TO PRINT THE PREDICTION FLAG
OUT, PUNCHED CARD
OPTION, BINARY TAPE
OPTION, AND PREDICTION
RELIABILITY OPTION INPUTX

EXT NO ERO Y INP

EO 200
I

N
ERROR INP

Y13

tYES>

INP1 200 FIGURE 31. DETAILED FLOW DIAGRAMS (Continued)
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CCCCA RSTAG I

SWITCH LOCATE FIRST
('CC40 CCC20 OR LAST OBS

CCC45 DEPENDINO ON+ i A t

7Cr7CORRECTION 
NEWTYE

OR Aq CHECK EPOCH RSTAG2
NNo

7 

EC

YE CCC5 
? No

NOR REVSUB
CORRECTION cEC50 TCCC7 0 EO CALCULATE TIMESAVE ELEMENTS OF REV. NO.

"TO CORRECT MODE
YE 

TIME

5DETERMINE IF THE
CC6 UPDATE EPOCH TIME

IS TO BE THE FIRST
CCC20 .OR LAST OBS. TIME

SET RMSOR NEW EPOCH TIME
TO 106CLEAR UPDATE

FORM NEW EPOCH DETERMINE IF

RESTORE REV NO INTEGRATION IS

POS. OR NEG.
DETRMINE THE AND SET At
ELEMENTS TO BE

CORRECTED

fSTORE EPOCH
R:REV. NO. I

CLEAR RSFLG2CH lX liso o ax • • ,1

cIC [ RESTORE N W

EPOCH TIME SETUP

SET UPDATEFLAG
CNTR37--fPCNTRLX

e L -RUN'GE RUNCE - - ST

I

FIGURE 31. DETAILED FLOW DIAGRAMS (Continued)
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I OVEC

I 
FLIP

FOR (- Lit) COMPUTE:
REVERSE ORDER t-t 9, sin 9

II F OBERVAIONSCos 
9, X, Y

NXTOB OBVECP
GET NEXT SAVE
OBSERVATION t-tI FROM BGOB0

I gI x, Y, z

PRINT OUT:
NO COOoRDINATSl NO
FOR STATIONP ob
NO. OBS. t
SKIPPED YESI SAVE

I~ Pobs,
PRINT OUT:
NO WEIGHTING OBVECC OBVECD

L INFORMATION FOR hobs NO ob FO
OBS. FROM STATION

NO._ , OBS. YE
SKIPPED YESEC AL -

coMPUTE COMPUTE
'\~ '~ 'u L, A.

L, A, D .-

SET UP OBS. FLAG OBVCQOBVEC(

p , a AND 6,E

.- 
OBVEQ +SVE 

=

A, h OR 

1 ,j- , OBSERVED r

VOBVECF 
OVECE

0 

OBVECX 
YES

NO LST RRATE
OBS

YES D obs, X, YSTYESAND

EXIT

FIGUP, 31. DETAILED FLOW DIAGRAMS (Continued)
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INTLTO MICOUVSATIO

(SWITCH)s, 
EXI

.0 TR FOR1STTEEIDOSR VA1ION

154G 
H LG -o

25NO

DONESIN FIUE3.DTIE LWDARM Cniud
37 PRIT OUT:NO-89-

NOGOIB



NTR
, 50

INO YES

CNTR IE IANT LESS +(tOB EQUAL YES

?0 ?CNTR85
CNTR80 GREATER NO EPHSAV

AEPBFA

SAVE W4 VARRES * Save L, h,

BUFFER SVPLPca xa y

PGt-OLD t 
B.

t COEFFI

-ARIANT YES
.. 1 MOVDAT

NO RUNGE DONE 1
SET NO
MORE OBS

RUNGE BAKUP RUNGE BAKUP FAG

CNTR15 CT2
EPHSAV VARRES .

SAVE L h SAVE p L 50

a a0 B S)

*. CUFFRFFI

RESWWBF

CE" RESTORE W
BBUFFER

RSOEW CNTR

"BUFFER 5

10

1 FIGURE 31. DETAILED FLOW DIAGRAMS (Continued)
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TNT

CNTR3

CNT INER. PCH N YES MOE N UNEDN
EPOCH RUNCE DONE

UPDATETE

CNNTR35

PREES

RUG RTR

(OD-

'I~~~~~ FIUE3.DTIENO4DARM Cniud

qi. ->0

? N



I

COMPUTE:
a, e, p . n DERI_W!, N, M 

r,"--- r[~~~~~ax , ay U 

. -J
a, , 

SUBXYZ

?BU 
.LGE

YES W OBU 
LGE

q-BL-~ U L + U

0 U<21 U< 27r

DRAG

COMPUTE:

sin(E+u)) i

cOs (E+ D) i

epinE, ecosE ARDPRES
NEXT1 

E Re P

IEAIEXIT ADD UP THE
EFFECTS DUE TO? C , r 

P THE

PERTURBATIONS
.

PRINT OUT:SDIDNT CONVERGE IN.. 50 YES KEPLERS EQUATION

ITERATIONS IN 50 ITERATIONS. COMPUTE

? RUN TERMINATED da dh dL
.

--, - , - - FOR
NO dt dt dt

INTEGRATION IN

J E TITRUNGE 
KUTTA

(E4 M) i EEDDRV

EXIT

FIGURE 31. DETAILED FLOW DIAGRAMS (Continued)
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I : P2(ZNC.o NO NO SET~AT N

Y ES YES YES

COMPUTE -= A EI

P2  z L Cos4 -p

ae /r AND 11/r2 Sot PRINT OUT:
SATELLITE

CMUEGET M , e DROPPED BELOW
CMUESUNLIGHT YES FROM 10,2 50 KMS TIME
IB(Cos 4' 0) ATMOSPHEE SINCE EPOCH

-B' ? J -MIN. RUN

NO TERMINATED

SET

KB 0.0 CACin T 7J)EXTRAP'OLATE FOR
sin (4'VALUEM OF )

IDENSITY, SET
MOLE. WT--16.17

_0EXIT NO UNLIGHT

sin (P/+71) CALCULATE

YES-

CATLCUIATE

cl > 1418. CD C C o

EXIT NO

CALCULATE

SET e CD
=%0.0e ,C

COMPUTE~a r-D

EXIT

FIGURE 31. DETAILED FLOWJ DIAGRAMS (Continued)
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NO
RIIOSB OBS?

COMPUTE
£C, PC YES

COPUTE

COMXLX 7COE5

TCE A,h NO az,6 NC
NO OBS OBS? OBS?

I OR P SIGMAI 
__, __A

POBS PcA 1 /m

NO NO L

0 S? AB1/

YYES

OR I OR N

COEFlA ~h OEFlB SIGAIO E S

PcSGA A05 OBSBSX

YSYSRTBCOMPUTE

COMPUTE CPC IQV-H

1 OR OR

IOR-= OR COEFF
I % -S GMAGN = AS O E XITEXI

1 Ci
FIUE 1 ETIE FO DARMS(otiud

COMPUTE R -94-T



DCORR2 CORKY)

INITIALIZATION COMRMS RDTSB
COMPUTE COMPUTF PIC

r RMS, RMS2J LSQ
INITIALIZE I MPUTE:
LEAST SQUARES R RPR

ROUTINE R n, xN, *yN

DCOOO QUANTITIES TO U , xN, yNI - SOLVE

MOVDAT YE I ?DC05 ._

DC05 LSQS w

2E SOLVE MATRIXMOVEPH EQUATION
RESTORE L,a,h, EUI
FOR THIS OBS.

TIME
SOLUTIONS FROM FOR QUANTITIES TO
DIFFERENTIAL BE CORRECTED COMPUTE:

QOEFF2 CORRECTION ARE (SIGMA) CAn
An An
n, xN' N$

U AAi, A ym (SIGMA) CA

NO U, OR 0 IF AN ELEMENT(I )

RESIDUAL WAS NOT CORRECTED CAavN
YES? (SIGMA) CAu°

FORM NEW (SIGMA) (AQ

OUTPUT RESIDUALS RMS, RIS2 (SIGMA) CAl

WRT EWHINS I DCORR2X i.RM~PAR CORRDFI ETERMINE VALUE YES CORR.

(SIGMA)C Al/

EXITRD FON M S

fPRINT OUT:

DC FAILED. NOT COMPUTE:'7 j ENOUGH GOOD OBSERVED 10(SIGMA) P
4. (FINISH .QUANTITIES TO SOLVEI

THE LEAST SQUARES aAP
------ ATRIX. JOB

TERMINATED

EXII
FIGURE 31. DETAILED FLOW DIAGRAMS(Concinued)
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COEFF2 OP

3 SUBXYZ

I FOTRMS BUFFE

1 NOV

DRAG

COECTI

C M ASTE:C 
MP TR RU WRENTEGCOTETDO

P, , x, y TERMS BUFFE NTO R
U U U ULEAST -S UA E

Ap, nP AN pN

2No

IY FIGUR 31. DEAIE FLTIGAS(otnED
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COEFF21 OEF
NO ~RESREJ 1

DOTPR YSNO RESIDUAL:
D.U DTRMAXIIMUM

D V.WF
L w INCREASE YES

____ ___ EJECION COUNT
PUT * IN

SAVE R EJE CTIO FLAG
D *ALp

**0 1OR 1 INCREASE RESIDUAL
ORI COUNT

CXPUE NORMALIZED
RMS

CMI'CF SAV INCREASE SUMMATION
UT WEIGHTED

PARTIALS & RESIDUALS
INTO TERMS BUFFER

PDt-\jL, Pc D .AL RER-

RESREJ1

YES BADINCREASE RESIDUAL
RESIDUAL COUNT

CONFUTE NOPPIALIZEI)
YES BAD NORMS 2

RESIDUAL INCREASE SUMMATION4

NO
INCREASE

-- FUNCTO REJECTION COUNT

PUT AN * IN REJECTION FLAG YE

COEFF2J REJECTIONJ

PTAN * IN FLGNO RESIDUAL <

h6REJECTION ?AIUFLAGAV

SAV 7 }RERJ

FIGURE 31. DETAILED FLOW4 DIAGRAMS (Continued)
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SAV ELE. TOL CORCECT

NO. OELE.1 NO

(SWWITTOU CORRECTING<5

CCES YE4 yN EPA

CC70-pCC5 COPUEO MS ESCLA
RESTORE ~ ESE ERGIAEMENTS DVEGEC
ELE. ~TO CORRECT ?FA

CCC25 I JAq NO CC1O
ELIMINLE.ANG NOS

RESE CORRECTIND M
I--COUNTLN D REC

MASSS

1~ ~ ~ ~ ~ ~~~CC0 FIUE1RETIEMLW IGAS(Cni2d



ICC 150 E CT

CHNENO RESIDUAL

IN RMS< 5% CONCOM>ABX

ADD 1 TO YES
N RESIDUAL COUNT

CCC160UPDATE
________ SUMMATION

< OLDRM 2 F~q EXITA

DIVEREREECE

? FLAGRESIDUAL COUNT

CCC170 UPDATEYE

*<.005 "M/ YES REPEAT

1 XIYES ORCE RGEEET C2

FIGURE ES 31REALD MIGAS Cniud
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I

DELOUTI DELOUT2

HEAD 1 HEAD 1 INCREASEIPAGE N'j1!BER.,

PRINTi OUT: PRINT OUT:
RMS KM DC CONVERGED - OUT:
RMS2 KM/SEC THE NEXT CORRECTIONS PRINT OUT:UDELT "/N[ WOLD B ... SPECIAL PERTURBATIONS

DELA I/N WOULD BE ... WITH WEIGHTED
DELTA AXN DIFFERENTIAL
DELTA AYN CORRECTION PROGRAM

DELTA UO RADIANS PRINT OUT: (DATE) PAGE
DELTA NODE RADIANS OLD RMS K I
DELTA I RADIANS NEW RMS KM
DELTA A/M KM**2/KGS OLD RMS2 KM/SECI K Y

NEW RMS2 KM/SEC SATELLITE NO.

DELTA N/N SATELLITE NAME
OUTPUT VALUES FOR DELTA AXN DELTA AYN ELEMENT SET NO

RMS',An/n, AaxN DELTA UO RADIANS TIME OF EPOCH
DELTA NODE RADIANS YEAR

Aa AU An DELTA I RADIANS
DELTA A/M fq**2/KGS

- - [INCREASE

COMPUTE ICOUNT

,. -~' A A ( / ~E D
WEIGHTED 0 ( AS rn) RA

OBSHE D

Y OUTPUT VALUES FOR
,! , OLD AND NEW RMS',

PRINT OUT: n/n, AaxN, A ayN
NORMALIZED U i
RMS RMS2 0

PRINT OUT:
UTPUT VALUES NO OF RESIDUALS
F NORMALIZED USED =

t RMS' NO OF RESIDUALS

DREJECTED=DELOUTX____ ___

EXlT ,

FIGURE 31. DETAILED FLOW DIAGRAMS (Continued)
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CEP 
CREKT

PRINT OUT HEADING: APPLY THE CORRECTIONS
L DEGREES COELTS TO THE ELEMENTS
TO DAYS IN YR CALCULATE:
A EARTH RADII n' 1 Uot  eo'

DEG. PRERES sin 2 no Cos al
NODE DEG. RESTOPE THE

NEW EPOCH
OLD ELEMENTS TIME

WITH RESPECT TO
OLD EPOCH

RINEL THGRC

STORE OIGIN
ELE. AT OLD EOPC

\TO PRINTING PITO
"" OCATIONS I PRINT OUT:

BEGIN CORRECTED

ELEMENTS
OUTPUT VALUES FOR

"" [~L, to,a,e, i

rCD ~m, Hq, a COELTS PRINT OUT HEADING:

" L DEGREES

-- PRINT OUT: TO DAS IN YEAR
L ELEMENTS 1A EARTH RADIIWITH RESPECT TO PRINT OUT: E

WINTERMEDIATE EPOCH NEW ELEMENTS I DEC.
[ E EWITH RESPECT TO NODE DEG.

NEW EPOCH OMEGA DEC.
RINEL MSS KGS.

RESTORE PER ALT ST. MI.
INTER. ELE. OUTPUT VALUES FOR [PA MINUTES

L, t0, a) e, i,

OUTPUT VALUES FOR 3, , m, Hq, Pn
L, to' a$ e. i' COELTS

m, Hq, Pa

ELMOUTX

PRINT OUT: OUTPUT VALUES
-6 NE4 ELEMENTS EFOR L, to, a. e

WITH RESPECT TO i,%,2 , m, Hq, Pa
INTERME'lATE EPOCH

FIGURE 31. DETAILED FLOW DDIGRAMS (Continued)
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J TIMPRE

SET UP TIME PRED. 
CTB

BTUR SETA t, PP, At 1 ,

IOUTPUT AND NGTVII (OPTIONALLY) B INARY NGTVRVRETIL
TAPE ROUTINEN? -tftf-'s

CNT2BO At ITPOSITIVE EGATIVE t. + Lc

-- iCNTRL2BPRNOUI I II YE?

ERROR IN RUNGE CNT2B6

RUNGE RUNGE KUTTA IN PRED- CNT2B7 -~EQUA TEGRATION CNT2B6 -

UCT BY TIME IME:STARTIN CNTRL2B

WRAPP CN7RZRUNGE RETURN

BIAR TAPJ- OUTUT BrF

GRIATER TRN

CNTNT2B

CNT2B
FIGUE 3. DTA.LED 

L(14 DAGRMS 
CntnuedBIAY ETAPE OUC-102-



PRESEN P ESEN ( CNTRLS
CLEAR FIRST TIME

FLAGS A~t DECREASE
PLAG, P= 0 FLAG,
At* FLAG, + SIDE FLAG NO CLEAR

READ IN CONTROLS FLAG = 0 FLAG
FOR STATION PRED. 

?

YES

SENSOR NO READ COORDINATES CHKFCL
CARD CALCULATE NO IR

? SIN 0, COS 0 YCNTRLS

YES ?YES
MANSENS 

YES
FRw h FROM PREVAL

BUF'B RHODTI
CALCULATE X COMPUTE Rl ~SINe ,2 .

PRES PRINT OUT: YES T > At*RNGE RUNGE (._ I()+R(1)Y(1)=0 RHODT2T

ERROR IN RUNCE R) P, P L,P,,,, N 'O,? LKTTA INTEGRATION, NO

NO INARY 1PRINT OUT I SAVE , ~ IRST NO
TAP DETA =OI UTPUT PT

T DELTA T=O AT ANY SET FIRST
?I N PROES J CENTRLS FLAG

YSINTEGRATION POESYES

RPPRUNCE RETURN SUBOJTI

BINARY TAPE

4 F INI SDH SUBOUT

PDFLAG SET FIRST
OUTPUTT PT.

/I-- YES ASS SUBTRACT I

( RUNGE DONE NO =0 FROM PASS BINARY
' ,.._ J , [NUMBER NO i TAPE"

" ' NO ?

£ CLE.AR + SIDE RSB

FLAG, FIRSTt

RU..N .R RN RON TAPE 12 TAPE ROUTINE

FIGURE 31. DETAILED FLOW DIAGRAMS (Continued)
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B

IOPTION=O + SIDE YES 1ST YES

?C~t SCAVECRRN
RUNGE RETR YET. N AE.D TIME!l

E 
TAE OPION TE)

j CALCULCTECULATE CALW+4UTOTW UFFER THEN T LAE

I CLI At R=C -AAt

NNO DLGYSYSRUNGE RETURN

IHPS
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SUBOUT P'?ITNT NO
,x E ,h

YOUTPUT: 
YES

CARDS YE t (DAYS & FRACTION PLA
?OF DAY, ABSOLUTE)PLA

r (EARTH RADIiL) (~pr I-

OUTPUT

TPRINTED NO EXI (DEG)
OUTPUT E(DEG)

T YES ?h 
(KM)

NEW YES PRINT OUTPUT P P AT
PAGE EADIGS A

? SPECIFIED BY YE

OUIPTT~r IRHODAN

' lv 
COMPUTE P, P,

OUTPUTFOEVR

YES 
-TIME!PREDITIO

OUTPUPT RBUT ONLY FORT
r~TH POINTH OFDl

ORTTIFONVR
PRIN NO IMPREDICTION

OUTPU TS PT(EUTOR.)FO
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APPENDIX III

PROGRAM GLOSSARY*

SYMBOL DESCRIPTION

A a

ACCCNT Total residual count

AE a
e

ALFLG A, a residual flag

APRINT Output location for ao

AREA Satellite area (d-)

ASTK *

AXGR a
x

AXO ax
AYGR a4

y
AYO aY

,o
AZGR a

z
AZIM Aziwuth

AZO az
0

BFLAG Bulge flag

BGOB Reformatted OBLOC (16 word format)

BTFLAG Binary tape flag

N

CAPD D (DERIV)

CC C (DRAG)

CCC40 Switch for CCCC first time

*Includes (1) SPWDC program symbols and (2) all symbols not appearing

in the SPS B-2 Assign Deck. Underscored, capitalized notations refer
to subroutines in the program.
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I

I APPENDIX C (Continued)

CCC50 Switch for CCCC n only correction on first pass

CDO CD = 0.92 ,,DRAG)
CD C D°0DRA )CFLAGI First time through flag (CNTRL)

CFLAG2 No more observations flag (CNTRL)

I CFLAG3 Variant, normal ephemeris flag (CNTRL)

CFLAG4 New epoch by revolution or time flag (CNTRL)

f CFLAG5 New epoch updated fla, (CNTRL)

CNFLAG Correct n flag

CNTRLX Switch for D. C. Control Region (CNTRU)

CONTEST Convergence test (5%) (CCCC)

COSEPS cos e = 0.9174469

COSPSI cos

COUNTLR Same as COUNTL

I COUNTL Number of elements being corrected

COUNTR Same as COUNTL

DCAPT A T (Station Prediction)

DFLAG1 Differential Correction flag

DONTI V 3 cm kemin 3oK 2.419012831x2

c__ Ig4m radii0

DCONT2 -0.6378150xi10 A jcm3 k
DC 2 gm radii

SDC Dc

DDGR D" (DERIV)
DELTAQ n q

DELTATO A t
DEN7A(m
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I
I
3APPENDIX C (Continued)

DENOM I + 1l - e 2  (SUBXYZ)

DFIAG Drag flag

T DGR Dh (DERIV)

DIAM Effective diameter of the satellite

DIVFL Divergence flag

DLFLG 6 , h residuals flag
DLTIM 1 (DCORR2)

DLVX AV

". DLVY A V
Y

DLVZ AV
z

DQFLAG Delta q check flag

DQN Maximum A q for A q check

DRSDL p D *AL (kms)

DTASK A t (Station Prediction)

" DTDCRS A t decrease flag (Station Prediction)

DT At (prediction by time)

DTSROPT A t option flag (Station Prediction)

2.

E2VGR -e V

Ca
ECSIG e

ELEV h (RHODAH)

ELFLAGI Error flag for prediction reliance
ELFLAG Prediction Reliance Flag

EOCHK Eccentricity check - variant ephemeris vs. analytical
computation for mass

-108-
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I

I APPENDIX C (Continued)

EPHEM Buffer for saving ephemeris L, a, h

3 EPRINT Output location for e°

EPSI C (RAD) for Keplers Eqn = 10
-8

Oo
FOBHR Output location for observation time - hr

FOBMIN Output location for observation time - min

SFOBSEC Output location for observation time - sec

FRDAY Integral days since beginning of year

FRFLAG Punched card output flag (SUBOUT)

FRFRAC Fractional day

FRSTFLG First time flag (Station Prediction)

- FRTIME Days since beginning of year (SUBOUT)

FSTCTLS First time flag (Station Prediction)

FSTDTSR First A t* Pass flag (Station Prediction)

FSTPTW First printed output flag

-. FSTSOUT First rrinted output flag (Station Prediction)

GAMMA Reflectivity of satellite

H2MHl H2 - HI  (TBINT)

H2MH H2 - H (TBINT)

HCONI 3/2 f2 = 0.0168571736 x 10-3  (CALH)

-" INKl H- H (TBINT)

1
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I APPENDIX C (Continued)

H.IN hM (Station Prediction)

HSUBQP Output location for Hq (miles)
0

INELT2 Beginning storage location for ori&inal elements

I INELT Beginning storage locations for updated elements

INP20 Switch for Parameter Card Input (INPUT)

IPRINT Output location for i (deg.)0

JBUF Kozai Values for J through J
2 gh 7

KEORTM Ke/7 = 0.07436574

KNTRL Which elements to connect (m, i,g2, Uo,ayN, a.., n)

LINECT Line Count

LPRINT Output location for L (deg.)
0

LSQBUF Least Squares Buffer

* LSTT LasL t (PROOBS)

LTBUF Buffer for Controls for prediction

MASSO Original mass of satellite (Kgs)

MASSPR Output location for mass

* MASS Program value of mass

MAX2 p rejection criteria
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APPENDIX C (Continued)

MAX p and angle ejection criteria

ME M TBINTe

MFIAGl Flag to compute mass correction analytically or by
variant ephemeris

MSPRK 7905 (Prediction Reliance)

MU

NLINE Nvuiber of lines to be output

NOPASS Pass number (Station Prediction)

NPRINT Output location forl0 (deg.)0

N n (BULGE)

Nil V

NUX V

NOJY V
y

NUZ VZ

OBDAY Day of Observation

OBFLG Observation f]ag (What quantities were observed)

OBMO Month of observation

OBYEAR Year of observation

OFIAG4 Residual sets to output flagI
-lll-I

I



I
I
I

APPENDIX C (Continued)

OFLAG5 Set up by OFLAG4 (Output residuals or not)

OLDRMS2 Old RMS for range rate

OLDRMS Old rms for range and angles

OLDUZ Old UZ

ONEGAP Output location fora °  (deg.)

OPRTESQ 1 q.11 -e 2

j ORMS2 Old rms for range rate

OR. Old rms for range and angles

OUTAPE Output tape number

PAGENO Page number

PAPRINT Output location for Pao (min.)

PBUF P2 through P8  (B ULGE)

PDAY Output location for day

PDAY Printing location for day (IHEADI)

PFLAG Prediction by Station pass or time flag

3 PHI 0

PISUN 7r 4.929316613

PLSDE Plus side flag (Station Prediction)

PNPRINT PN output location

PPBUF P' Buffer (BULGE)

PPPFLAG Prediction option input
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+ iAPPENDIX C (Continued)

PREDBF Buffer to save new epoch time, L, a, h

PRTIME Time of new epoch

PRTIM Buffer for time prediction

I PYEAR Output location for ycqr (IHEADI

j QQ Temporary location

I RCNT2 Residual count for p

RCNT Residual count for p and angles

I RDOTOR r
r

3 RDTFLG p = 0 flag (Station Prediction)

REJCNT Number of residuals rejected

I REJFLG Rejection flag if any observation quantity is

rejected

REV Revolution number

RGFLG Range residual flag

RGSDL AP (kin)

I RHODT3 Storage location for RHODT

RHOO Po (gm/cm 3) = 0.001225

RHO p (DRAG)

RWS2 RMS for range rate
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R MSCHK 
50 km APPENDIX C (Continued)

RMS Root mean square for p, and angles

ROVA r/a

RPCONI 2e = 0.03345100

2
RPCON2 5/4e = 0.000349677c

RPCON3 F =y P A Kg radii

kemin
2

RPFLAG Radiation pressure flag

RPT Number of passes through D.C.

RRFLG Range rate residual flag

RRSDL AP ( m!sec)

RSFLAG Flag for CNTRL for intermediate epoch

RSFLG2 First time through CNTRL for intermediate epoch

RSFLG3 Storage location WFLAG (RESRETI)

SATEL Satellite number

-- SATL Output location for Satellite Number

- SAVBUF Buffer for saving W buffer before going to Runge-
Kutta back-up routine

SAVEO Storage location for cell 0

SAVE3 Storage location for cell 3

SAVEM -OBS' -W /-OBS -OBS

SENSNO Sensor number (Station Prediction)
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APPENDIX C (Continued)

SETRD2 Address after last cell in processed observation buffer

SETRD Starting address of processed observation buffer

1
SIGMAl aY-

1

SIGMA2 I

S IG1,,A 3 ( r(1Y 1
S IGMA4 3 or -hA

11
SIGMA4 or I

SIGMAI Up for rOBS' c for angles observed

SIGMA a (DRAG) (TBINT)

SINBOTH sin (* + E)

SINEPS sin c = 0.3978584

SKNTRL Storage location for KNTRL

1 SMLGR gl (DERIV)

SOBFLG Storage location for OBFLG

SOFLAG5 Storage location for OFLAG5

SV56 Storage location for index registers 5 and 6

I SVDLTTO Storage location for DELCATO

O SVPRTIM Storage location for PRTIME

SVRDTBD Storage location for RHODT

I SVRHODT Save p (Station Prediction)

SWFLAG Set up by WFLAG
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APPENDIX C (Continupd)

TCAP T (Station Prediction)

TEMPI Temporary

TEMP2 Temporary

TEMP3 Temporary

TEMP Storage location for P'T1ME

TERMS Least Squares Buffer

TF tf (final output time - time pred)

THETA 0

TLFLAG Point of closest approach flag (Station Prediction)

TMPEND Temporary Ending address (Station Prediction)

TMPLOC1 Temporary

TMPLOC2 Temporary

TOPR Same as TO

TOYPR Output location for epoch year

T t (minutes since epoch)

TSI Beginning time point (Time Prediction)

TS Ts (OK)

VFIAG] Variant Ephemeris Flag
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APPENDIX C (Continued)

WFLAG Weight Flag

IW Fixed or Variable integration mode (Runge-KuLia)

WSUM2 Normalized RNS for range rate

I WSUM NormaliZ~d RIIS

XlOMO

IXBDGR xB(BULGE)

XDGR x B (DERIV)

XDG X% (DRAG)

XLAMD >E

XLSNSBX L (RDPRES)
Xe

XLSNSBY L (RDPRES)

XLSNSBZ L ye(RDPRES)
Ze

1XLSUN L (rad) (RDPRES)

XLSUNT £ (rad) (RDPRES)
0

3.XMPER 'I /radii

XMSUN M (rad) (RDPRES)

XNSUN1 n ( deg/ ) 0.9856473354 (THGRC)
o day

XNSUN n ( rd/ .i ) =0.01194638282 x 10- (RDPES

3XRDGR RP (RDPRES)



YBDGRAPPENDIX C (Continued) (BULGE)

YDGR (DERIV)

YDTGR (DRAG)

JYRDGR RP(RDPRES)

IZBDGR iB(BULGE)

ZDGR i% (DERIv)

ZDTGR i% (DRAG)

D%IZRDGR RP (RDPRES)
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